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types,  hardware  selection  and  configuration, 
and  staff  selection  and  training.  Also  in¬ 
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Chapter  1 
Introducticn 


1.1.  Backgttxmd 

The  Geographic  Resources  Artilysis  Support  System  (GRASS)  is  a  microcomputer 
based  iruage  processirig  and  geographic  information  system  (GIS)  used  to  develop, 
manipulate,  analyze,  and  display  geographical  datasets.  Initially  developed  b}' 
researchers  at  USACl^RI/s  Environnjenta!  Division  for  environmental  planners  at 
military  installations,  GRASS  is  iajw  used  by  a  variety  of  public  and  private  agencies 
and  individuals  to  assess  environmental  inpacts,  evaluate  site  suitability,  detect 
change,  manage  resources,  and  model  the  eiTects  of  environmental  phenomena  across  a 
landscape. 

The  ^stem  is  cunontly  fielded  at  several  military  installations  and  Corps  of  Engineers 
districts,  divisions,  and  labcratories,  and  has  also  been  acquired  by  other  federal  and 
nonfederal  or^ganizations.  As  a  result  of  several  programs  beirig  implemented 
throughout  the  Corps,  Amty,  and/or  all  sectors  of  the  military,  (e.g.,  ErTvirorrmertal 
Management  Analyas  Program  [EMAP].  Land  ConditiorvTrend  Analysis  Piogram 
[LCTA],  Base  Realignment),  many  installations  will  soon  acquiio  GRASS. 

While  GRASS  has  many  useful  replications,  its  implementation  is  conplex,  and 
presents  many  stafhpg,  funding,  and  logistical  problems.  This  guide  attempts  to 
address  these  i.ssues.  It  is  one  of  several  mechanisms  being  developed  to  sipport 
GRASS  implementation;  others  include  logistical  mechanisms,  support  structures,  and 
other  documentation 


1.2.  Objective 

The  objective  of  this  work  is  to  identify  procedures  and  issues  relating  to  GRASS 
implementirtion  at  user  sites.  Conditions  mav'  vary  at  each  site.  It  is  envisioned  that 
sites  will  ase  this  document  as  a  guide  on  which  to  base  site-specific  GIS 
implementation  plans. 


1.3.  A|jproach 

GRASS  inplemenlatior  at  oliier  in-Urllations  was  examined,  as  were  vvhtten  materials 
de.scnbing  the  inipleiutmtation  of  geogi'apliic  information  systems  (GISs)  and  other 
similar  systems. 
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1.4  Scope 

Information  in  this  report  is  current  as  of  the  last  quarter  in  FY^89. 

1.5.  Mode  of  Tedindogy  Transfer 

The  information  in  this  report  will  aid  the  technical  transfer  of  USA.CERL’ s  GRASS 
geogr^hic  information  and  image  processing  system.  GRASS  is  being  transferred  to 
the  field  throug^i  the  following  mechartisms:  training  programs,  hands  on  experience,  a 
user  si5)port  center,  newsletters,  extensive  documentation,  institutional  structures  at  the 
Amty  and  Interagency  levels,  comrrrunication  networks,  and  otirer  forums. 
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Chapt<Y  2 

Overview  of  the  Iir|ienientadon  Pkiooess  Getting  Started  with  GRASS^GIS 


Geognphic  Information  Systems  iGISe'  offer  tremendous  potential  to 
improve  planning,  evaluation,  and  monitoring  and  management  of  Amw 
lands.  Arrity  installations  are  Dj  .v  implementing  GIS  technology.  This  guide 
will  assist  installation  staff  to  understand  and  address  die  issues  associated 
with  tte  implementation  iinocess.  Specifically,  it  examines  the  evaluation, 
selection,  and  a;quiation  of  recessajy  hardware,  as  vrell  as  networking  issues, 
software  requirements,  tiata  base  construction,  ;pp!ication  issues,  user 
training,  staffing,  and  GIS  sujrnoit  reraiia^meiUs. 


2.1.  In!tir4ion  of  the  linjletiwitulon  PttK** 

The  process  of  GIS  implenietitatiu  t  oo  iin  installaiioii  can  occiir  for  any  of  several 
reasons; 

1)  The  technology^  may'  be  part,  of  .‘'-ome  AniiV'''A'dc  or  MACOM-wide  program, 
such  as  Integrated  Training  Ama  Management  (ITAM)  or  hlnvironmenlal 
Management  Arialysis  Program  (tlhoAP)  thiat  is  tieing  implemented  on-posL 

2)  A  proponent  on  tiie  insuiUation  may  leam  about  GIS  teclmology  and  through 
rreetiungs,  literature,  etc.,  become  an  advocate  tor  its  use  on-post 

3)  A  regulatoty  or  supporting  organization  nury  use  GIS  technology  to  support  or 
evaluate  post  activities  (e.g.,  developmtrnt  of  data  bases  by  the  State  Historic 
Preservation  Officer  [SHPO],  and  Army  Environmental  Hygiene  Agency  [AEHA], 
etc.). 

4)  A  major  action  requiring  tlxj  completion  of  an  environmental  impact 
assessment  (liA)  may  be  contemplated  on  the*  installalion;  such  actions  might 
include  a  chcinge  of  mission,  site  selection  for  a  m^or  new  range  complex, 
selection  of  new  landfill  sites,  atxi  other  actions.  A  MACOM,  Corps  District, 
reviewing  agency,  or  another,  may  sugge.st  that  GIS  technology  be  used  to 
prepart'  the  PIA. 

However  the  process  is  initiatetl,  *he  iustallalion  slwuld  follow  a  series  of  logical  steps 
to  easLire  smooth  aixl  cost-effu  ient  implenxinialioa  A  GIS  can  be  applied  to  many 
land-related  issues,  possibly  lesulting  in  l;ugo  cost  savings  to  installations.  However, 
GIS  implementation  ma>'  prestait  its  own  costs  and  issues  related  to  staffing,  hardware, 
constmetion  and  maintenance  of  datasi-ts,  interfacing  the  GIS  with  other  software,  and 
long-temi  data  hardware,  software,  and  sv'stem  costs.  Successful  system 
implementation  therefore  greatly  depends  upon  proper  planning,  and  upon  the 
existence  of  support  structures,  policy  guidelines  aixl  documentatioa  The  development 
and  use  of  .standand  GIS  implementation  procedun^s  and  siq^port  structures  will  result 
in  more  costreffeclive  and  tinx'ly  GIS  impleiiK'nlation  throughout  the  military. 

Implementation  documentation  and  iogisticH  support  will  enable  tlxrse  who  are 
considering  acquisition  to  conectly  eslimati;  future*  costs  and  benefits  associated  with 
.^slem  implementalica  Support  slnictuies  v;ill  pmvide  an  ongoing  mechanism 
through  which  to  address  asras’  questions  liefom  and  after  system  acquisition.  Above 
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all,  such  mechanisms  will  allow  sites  to  prepare  themselves,  before  the  system  arrives, 
for  the  implementation  of  a  GIS.  Implementation  steps  are  outlined  below,  and  shown 
graphically  in  Figure  2.1. 

In  Figure  2.1,  one  scenario  for  GRASS  GIS  Implementation  is  outlined.  Tasks  are 
divided  into  (1)  those  perfomaed  by  the  project  sponsor  (e.g.,  a  MACOM),  (2)  those 
done  by  the  GRASS  irrplementation  site  (e.g.,  an  installation  or  District),  and  (3)  tasks 
performed  by  a  contractor  (e.g.,  USACEIRL,  a  Corps  District  etc.).  Tt  is  possible  that 
the  GRASS  implementation  site  may  itself  perform  some  or  all  of  the  tasks  shown  in 
Figure  2.1  as  being  done  by  a  contractor.  However,  it  is  likely  that  at  least  some  tasks 
will  be  contracted  ouL 

Example  Scenario 

GRASS  IMPLEMENTATION  PROCESS 

RESPomRiirnEs  of 

spoNson 

I’unding  &  F^oposaJ  Review 
Selection  of  InstaUadoriR 
Monitorirg  Process 
Kvalualinp  Rogram 

I 

Ri}yPOMSB/U77li(  OF  |  liFSPCJNSiDILmBS  OF 

IMPLEMmrA'nON  STFE  I  COmmCTOMAB 

I  Scoping  &  ftoposal 

.■vasigruTcnl  of  Irstaxlaticn  KX'  Dialogue  with  Irctallation  PCXT 

Creation  of  GIS  implemenlation  CommiUee  Data  RequiremenlB 

Cosrt/Bett'fit  Evaluation  of  ApplicatiotP  ftersonniil  Needs 

Plata  RequiremenlB  Evaluation  Hardwaro/Software  links 

Hardware/Software  Connections  Data  Acquisition 

Hiring  &,  Training  of  OISITAM  Personnel  |  Data  Translation  &  Digitizing 

Coordination  with  DOIM  1  Hardware  Evaluation  &  Selection 

Site  Ideriification  of  &  Preparation  for  System  |  Hardware  ProcurenKrl 
f’ystem  Managcrrent  Training  (by  vendor)  j  Hardware  Delivery  to  CorliactotyLab 

I  Iiatallation  of  Data  &  Software 
I  Configuration  Training  at  ContractonXab  Site 


INSTALLATION 


Ongoing  Support 

Custom  ApplicatiorB  IVrtotyping 

New  Software  Releases 


Figure  2,1 


Enroll  in  Training  Courses 
Running  Applicatioin 

ONGOING  Ongoing  Ddta  Updates  &  Mamtenance 

USE  Ongoing  System  Support 

Advanced  Software  TrainirK 


Delivery  of  System  to  Installation 
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2.2.  GIS  Coordinator 

T)x'  first  step  toward  (HS  implomenlation  at  a  potential  user  site  is  the  appointment  of 
a  CIS  Coordinator  (the  installalion  RX'  in  Fit^ure  2.1).  Usually,  this  person  will  be 
someone  in  the  installation  Environmental  IXvnsion  or  Natural  Resources  branch.  This 
individual  should  be  familiar  with  environmental  analysis.  The  GIS  Coordinator  will 
(a)  gather  information,  (b)  educate  potential  users  and  coordinate  plans  for  the  GIS,  (c) 
develop  an  implementation  plan  specific  to  the  installation,  (d)  address  impacts 
attributable  to  implementation,  and  finally  (c)  secure  support  for  the  plaa 

ITiis  position  is  critical  to  tlie  evaluation  of  0)8  tcH'hnoiogy  for  an  installation  and  to 
die  successful  coordination  aixi  ntaintenar>ce  of  this  technologv'  bom  on  and  off  the 
installatioa  The  GIS  Coondinator  should  be  a  peirauient  installation  employee,  with 
adequate  status  and  authority  to  accotrplisli  these  Lisks.  Ideally,  this  person  will  be 
familiar  with  the  organization  tuid  piv)C(niiiie:>  of  tie  different  elements  on  the 
installation  that  nt^-  be  potential  ChS  i;sers--s;:c}i  as  the  land  rrvmagers,  master 
planrers,  range  managci's,  environnk.-nuil  planiers.  aixl  trainers.  (Refer  to  cliapter  §7 
Staffing  and  Training  Requirerriai's  ,o  /'  .  for  a  n*)ie  detailed  description  of  tiie  GIS 
Coordinators  tiisks.) 


2.3.  Information 

GIS  floondinators  should  first  educate  ti'iems(?lv-t:s  about  what  GISs  can  do,  and  then 
identify  potential  GIS  applications  on  (iteir  Lnsialiatiuas.  (Ciiapler  §4  GRASS 
Applications  for  Military  Inskdlaiions  \p.'?g\  of  this  guide  examines  several  types  of 
applications  commonly  performed  using  OIS^:.)  Ne.xt  the  Coordinator  should  identify 
Army  GIS  and  rdattri  policy  and  progiums.  Such  programs  affect  acquisition, 
funding,  and  sipport  for  me  CIS  at  (lie  service  and  MACOM  levels.  Logistical 
saipport  structur»'s  liavo  been  developed  to  address  issues  related  to  GIS  development 
policy,  and  to  pror.wte  tix)  fiuiring  of  res<aurv's  among  agencies  using'  GIS.  For 
c.xample,  the  Anny  GiS  vSt.xring  f  'ommittet'  iddresses  overall  GIS  policy  and 
impleirtcntation  issues  for  Army  GIS  users. 

Uses  of  GJS  by  i)t}vr  sites,  i.tx'ludiii;;  uo  otix  r  .\n)!y  installations,  tind  (b)  neigliboring' 
organizatioas.  such  as  tlie  local  SCS  oflicc,  (^eip.s  distiicts,  nearby  Forest  Service  units, 
Co'onty  planning  ofiice.;,  state  oliires.  (  ts-.,  shriild  then  be  idertfified.  Finally,  the  GIS 
Coordinator  sliould  idenufy  wIk),  at  the  iasmilation,  is  interested  in  GIS.  This  may 
include  staff  in  range  control,  tlie  environnientii]  office,  niister  planning,  computer 
science,  fislreric's  luvi  vviidlilV',  are kicf.' logy,  etc  I'Jx*  Coordinator  should  solicit  input 
from  these  individuals  on  what  ivquire'mento  a  GIS  sliould  meet,  and  on  wliat  types  of 
GIS  applications  eaedr  office  migfil  perfonu. 


2.4.  EdiR-ati<«n  aixl  CoordinatiiMi 

'Fhe  GIS  (  .’oordiiialor  shruld  also  (xlue;it(  ixiteutial  users  and  their  supeivisors  about 
( IIS  techrxrlogv',  and  coordiaite  pianning  f  a-  tJx"  GIS.  'lix'  Cooixlinator  should  fomi  an 
Interim  GIS  Implenx  ntation  t 'ommiit.  to  guide  the  Coordinator  in  developing  an 
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Implementation  Plan  for  the  iit  ilion,  and  to  educatE  the  committjee  members  on  the 
implementation  process  and  its  potential  effects  on  how  business  is  conducted  These 
plans  should  be  coordinated  with  in^jlementation  of  CAD,  lES-M  and  other  related 
programs.  The  GIS  C/Oordinator  should  ensure  drat  GIS  data  can  be  exchanged  with 
CAD,  AM/FM  and  other  users  as  needed  to  support  installation  requiiements,  and  to 
ensure  that  issues  involving  data  standart’s,  and  the  sharing,  updating,  and  ownership 
of  data  are  addressed  and  coordinated  amorig  all  users.  The  GIS  Coordinator  should 
also  provide  irput  to  Array  GIS  Steering  and/or  Technical  Advisory  Groups,  and 
participate  in  local  and/or  regional  GIS  user  and  data  sharing  groups. 

2.5.  Develop  Implementation  Flan 

The  GIS  Coordinator's  next  task  is  to  develop  a  GIS  inplementation  plan  which  is 
specific  to  that  site,  based  on  the  model  implementation  plan  prepared  by  USACERL’ s 
Land  Analysis  Group. 

The  Coordinator  should  first  determine  who  the  actual  GIS  users  will  be  and  what 
hardware,  data  and  sofhv'are  are  required  to  meet  these  users’  needs.  Next,  the 
Coordinator  should  customize  the  model  implementation  plan  based  on  users’  projected 
requirements.  The  GIS  Coordinator  should  then  axamine  the  installation’ s  life  cycle 
costs  and  projected,  benefits  associated  with  tHs  plan.  Costhcnefit  ratios  can  be 
calculated  to  prioritize  projects,  and  to  assess  the  finarxrial  \iability  of  different 
methods  of  implementatioa  A  standard  methodology  for  performing  a  cost/benefit 
analyas  for  Gift  implementation  is  outlined  in  Methodology  for  Performing  Betum- 
On-lnvestment  (BOI)  SUtdies  for  Inplementation  of  GEASS  on  Military  Installations  ^ 
The  staff  s  plan  should  be  sent  through  the  installation  GIS  Implementation  Committee 
and  Amry  GIS  Steering  Cominittre.  The  Coordinator  should  ensure  that  the  plan  is 
coordinated  with  other  GIS  aand  related  activities,  to  minimize  costs  and  maximize 
benefits. 


2.6.  Address  Impacts 

Staffing  and  training  needs  should  then  be  addressed.  GIS  implementation  involves 
several  types  of  tasks,  which  can  be  grouped  into  a  few  "skill  areas:" 

•  GIS  Coordination 

•  GLS  Analysis 

•  Data  Management 

•  Cartography/Digitizing 

•  Systems  Management 

•  Software  Integration 


'  Ben  Sliwinski  (Research  Asaociatps,  Uri)aiKi,  IL),  Methodolo^'  for  Peifoming  Retiim-On- 
bniestrrBTTt  (ROlJ  Studies  for  IrrplenvrUaiion  of  GftASS  on  Mutary  bisial lotions,  Technical 
Manuscript  N^89/25  lU.S.  Anny  Construction  Digiiieering  Fteasarch  Laboratory  (USACERIjI. 
May  1989). 
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The  s;dlls  required  tx)  perfbnn  tht'sx;  ntx'cssiiiy  tasits  may  be  provided  by  several,  or  as 
few  as  two,  persons  on  an  ii'xstallatioa  How  many  individuals  perform  tlie  needed 
tasks  on  any  given  installation  will  depend  upon  how  well  the  areas  of  expertise  held 
by  existing  installation  personnel  nx^sh  with  GlS-reiated  tasks,  the  ease  with  which 
new  personnel  can  be  acquired,  what  spc*cific  GIS  analyses  the  installation  plans  to 
conduct  arxi  other  factors.  Guidaixe  on  GIS  staffir^  and  training  requirements  can 
come  from  the  Army  CIS  Stxririg  ( 'oinmittee.  and  other  installations  and  Districts  that 
hav^e  alread}'^  implemented  GIS.  'fliest'  (^uesiioas  are  iddressed  in  further  detail  in 
chapter  §7  Suiffi/ig  and  'Ihumrig  Requirenr.ma  \p.  17:. 

Orxe  a  plan  has  been  made,  fundiiyr  to  (‘(;vtr  al  lea^^;  initial,  fixed  inpleinentalion 
costs  slxuld  be  .secured.  Ihrrvlinj;;  .<tr,;iegifs  for  acqais'tJon  of  GltASS  GIS  hardware  is 
discussed  in  chapter  Rixuuadoii  C'nk  rai  for  G/M-SS  \\'orkr,iation  Selection 
Otxe  needed  exiuipnxnl  ana  -staf!'  have  been  seUxTed,  rx-tbed  space  allocations  and 
iuTprovenxnts,  and  othtr  envirennxrfa'  requirenxrte  (c.g.,  electiical  pxiwer,  equipnveni 
temperature  requiretxxnis)  miuU  be  s’jpf.litti  li  is  useful  at  this  point  to  develop  a 
dnxiine  for  ^xrfunuuig  tasks  asi-uc  iiiio::’  wi»h  inipf^.rieniatioa  A  contractor  may  be 
used  t)  esuoTaie  such  nxidn'ments;  ,.'iin  re-eded  data  evrtluate.  seltxt  procure  and 
delivei'  hiidware;  iastaii  d;ita  -ortwaie  on  equipnxnt  and  provide  initial  and 
ongoing  sj’stem  and  use;r  tutniiig  a/id  sxflvvan.'  .support  to  staff  at  the  GRASS' 
implernentativ'n  site. 


2.7.  Secure  Suf)port  for  tJie  Him 

Support  for  tlx  imp'enxntilion  plan  ^ixuld  be  .-ecujed  from  tlx  installalion  and  from 
iM.A(X)M  and  Amu-level  G!S  ( Vaiimitlees  Implenxntatiorr  support  should  irxliide 
commimxnts  of  sttifi',  liuxling,  and  ixual'ni  ;-i!pp)it  nquin'nxnts.  Databases,  .software, 
ar/d  Itirdwctrf'  will  ul.so  nxpiire  ougoug  nv.'ititenarxe  and  updates.  Implenxntation 
supput  .slxuld  i.'xlufli  .s.xaui;.e  ! '/.  :iMa  MAt'tiM  levcJ  policy  guidance, 
ad  mini  .‘Strati  ve  suppul  and  firxling  orogranv  fer  <  ilS 
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After  an  installation  has  decided  to  establish  a  GRASS  workstation,  one 
crucial  step  in  ensuring  successful  adaptation  of  the  system  is  the 
development  of  a  useful  and  relevant  geogi^)hic  database.  TOs  chapter  will 
help  districtrlevel  and  installation  personnel  make  infoimed  decisions  about 
the  planning,  building,  and  maintenance  of  such  databases. 

3.1.  IntroductiMi 

This  chapter  outlires  GliASS  dtrhibase  development,  which  involves  the  planning, 
building,  ard  maintenance  of  geogn^^hic  datasets.  DcA^elopment  can  be  broken  down 
into  four  stages:  (1)  planning,  (21  data  collection  and  map  preparation,  (3)  installation 
of  map  data  into  CRASS,  ard  (4i  augmenting  ard  altering  existing  data.  Primarily, 
this  text  discusses  the  first  of  these  siagi  s,  planning.  The  problems  ard  issues  raised 
tere  ae  discussed  in  detail  in  th,'  papers  Cartographic  Issues  in  Database 
Deielopnvnt^  ard  Map  Prejximliong  a\'ailab!e  upon  request  from  the  GRASS 
Infomratton  Center  at  US.'XCERI^. 

3.2.  Initiatiii^  a  Database 

A  database  is  a  collection  of  map  layers  on  vaioas  themes  for  the  same  geographic 
locadoa  Several  issues  mast,  be  lesolved  wlxn  initiating  devclopntent  of  a  database. 

It  is  fiivt  rKX’e.s.sarv  to  decide  which  layers  ate  needed  in  tlie  database,  ard  then  to 
decide  whu  s-patial  rosolution  is  ntx^essay  to  make  the  data  useful.  A  determination  is 
ux  ti  inKir  as  to  which  of  tix'  de.<in'd  map  layers  an?  available  in  digital  or  nondigital 
foi-i;c;i.s.  at  lix-  d(  sin'fi  levi'I  of  detail,  if  die  infonnation  is  currently  unavailable  (or 
iV\,,.iivs  miKidie.uJoiic  !ix'  ("iKsioiiity  (/rea-aoiig'  ((<r  itxidilying)  the  des-ined  map  layer 
i.  owe.'O  yii;  o.  i'l/'i.iilN,  lor  oix'h  axn  iaver.  dx'  number  of  categoiy  lyT^es  to  be 
•..I'aic.i'ii  'Wiuii  .v  '.ci  ui'  (ieuui  wio  ih-  0‘,)i\-.->e..(ed'’  is  decidcxl  upon.  All  of  these 
CieciSiwn.s  Will  (li'yit'ixl  oii  vile  appdcaaoi':.'^  ii.i,'*  a  nvi^:)  lavi^r  is  to  bt'  used. 

.vja{>  iAiVii's 

Gi'op.imtJuii  iiixi  inpii!  to  Uk'  ( ilS  of  a  .singia  nup  iaver  c'an  be  quite  cosily,  dlxj  ix’eds 
;.l'  an  iii.^'iaiiauon  sfxioid  ba  asH>s.scd  (mi-ei'ully  befoix'  dcnelopnx'ni  of  ;r  database  is 
begun.  S[K'cilically.  tixese  map  Ijjvcis  ix'(‘e.s.siuy  lor  fiitun?  GltASS  applica.lions  .slmuld 
1)0  ii.si'ti  and  phontix  .i  luToiv  datn  is  ixiquirod.  Giurplcr  ^4  C}i\S'4  Applications  for 

Ku,/..  I  Avm'.v  ■/:  I kUatmsi-  t >cii’lopnt;u,  'iVehnic.'il  .Manitcfipl  N- 

S'.)  gl  I  S.\(  V'lli’l,,  ids, S'. 

-i  ;m  .\|i  s-i 'i; ;i I ii il '.  Miip  I'li  jHii'iiUun,  lii  i  i/iVSS  (  .siv'.s  /I'.’/c.’T.’.ii'  AiiiiiiKil ,  i'.v  .tuik  s 
V'n  v;|:  lA , 'll,  .Mil  ii.'ii!  Slaaini.  \\’;!li;ini  I)  fl  at.  .-M)!*  Ki'jkWl  .\-S7  PC’  '  I 'S.AC'lvlvI .. 

S  ■;  ill  ti  il  K  f  loss 
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Military  InstaUaiions  \p.23\  describes  some  GRASS  applications  and  their  utility. 

Some  m^  layers,  like  those  of  the  installation  boundary,  trainmg  areas,  hydrogi:^hy, 
and  soils,  are  fairly  standard.  Often,  several  additional  map  l^ers  can  be  derived  from 
one  or  more  original  layer!  s).  For  example,  in  GRASS,  slope  and  aspect  layers  can 
both  be  (automatically)  derivcu  mom  an  elevation  map;  sirailariy,  map  l^ers  of  soil 
pH  and  soil  erodibility  can  be  (manually)  reclassed  from  a  soils  type  map  l^er.  A 
listing  of  standard  map  layers  is  shovm  in  Table  3.1.  Tire  actual  selection  of  map 
layer  topics  should  be  installatiorr-specific.  Even  with  a  good  set  of  basic  map  data, 
most  new  applications  will  also  requini  developmeiit  of  one  or  more  new,  special 
layer! s)  (which  may  be  based  on  recent  field  work  or  other  data).  However,  planning 
can  decrease  unnecessary  'iata  development  costs. 


Standard  Ma}>  La>»ire  for  Military  Datalnnes 

.Agricultural  Oulieaaes 

j  Mapping?  of  aj^ncultural  outicj^c  and  njmagenx'nt  La^onrEiUon  I 

.Air  Quality 

!  Air  Quality  f’vrtml  Region  (AQf^R)  radnp.  ' 

('ffip  FV)du;tion  V'alue 

1  Cmp  cvoduction  wdu.- r<.>r  at<ricuiUu7d  and  oviJca^o  ' 

1  niss-Counliy  ManeLr\*erabiiit\- 

;  SintabilitV’ of  biTKl  for  coixiuctiiif:  fTiiitaiy' rrtiriL'Uvt  Rj 

1  i  ’  .iluinil  Hcscj  utco  Sites 

'  Ir>o.aliaT>  of  an:hat«>!ofn'-*ii.  hisfi)ncal 

,  ('uilurai  Rt.tvji.in.0  Stirvev:- 

i /)C6iL.v/ri  of  an.'>i .  sur.ovod  f'r  an* huu-oio^icni,  iiL'^toncaJ 

;  IX'pth  to  Berimck 

!  Depth  tn  bedrock 

1  K.a.-uir».'rts  1  1  .  ruti'in  of  e>*«.Trfi<  types 

Ue\-atit'n 

Mapping  'if  ..f.A'ati.in  level.-  (fr'in  which  slope  and  .tipect  can  bo  donvod) 

;  i'iiv  Damage 

Index  of  '/egdatiV'n  datnngi;  from  lire 

'  h'orest  Martiguiix'nl  Unito 

Mapping  of  timber '.vpei -and  pT'dixtion  for  oulica.ve  value,  etc. 

1  G».Hilo^;y 

t  Map  .'ilwwing  geviogy  lypi> 

Httbital  N'aluii'l'vpo 

Habitat  tvpee  and  lintr  values  fi'r  vanots  sp.vies  ! 

!  Hf)  tiding  St/ick  Data 

Mapping  of  data  describing  .!ge  utvi  coiriition  of  hounrg  stock  '' 

.  ii.’.’dDgrapliy 

Depiction  of  streams,  walenvavs,  etc. 

irf^taliatlon  Houndarns 

Deliixation  of  installation  bnimdaries 

Hanning  Itxiexes 

Mapping  of  areas  coverod  by  photo  indexes  and  1 .4<X)  maps  I 

iNV  l^' ( onlciais 

Mapping  of  noise  corti  uis  tor  instaliulion  and  surrounding  arous  i 

■  OurkTship 

lATid  owDt-TT^hip 

1  ittliiical  IViundarit’^ 

i  Mappi:-^  <»f  anxi  puliticai  :iir.:'i<iicu<.>r>-  ' 

Qundrantles  (USDS  and  DMA)  , 

’OuiiinitiR  ,stai')duj\i  T;24.(K)»).  or  DMA  1'D(),(KX).  ntip  qiwdrarifrKs 

'  lii’vtx.'aUMrkjj  SiU>  ^ 

Mapping  of  p<'lf  Couples.  fUhuij^  an.^a^■.  «.U' 

iu-^lricbxi  An::ib 

IVlirkxiUon  of  with  its-incTo*.!  jux-sjt  on  irT.ta]lati<*n 

N'rv  Ku*  Hititidano  ^ 

/  Alirx.zitiori  of  t'"C  uaior,  okvir.uo).  s<  .-riojyico.  vie.  ' 

Stcu".V')numiu  I^iUi 

Muppinp  ofsuL'h  data  as  pt-p  dorisiiN .  .s«/x  reUios,  birth  mi’s,  inennx*,  onm'  rates,  etc  ! 

S  )il^  'Fipes  i 

Mapping  <‘f  mmU  Ujur.-s  jcnrsri  an  irk>lailaiior  i 

.'irtJ  ftinisjon  F'iiL'o  ( 

Mapping  of  arvos  bv  .s^.ul  K-msum  faetois 

,  ’T'lkN  t>-} up/1  tailin'  <inJ 

1  V‘!iritin»;n  i-f  U'w  nship  arwi  run^y-  gnd  tn'U'idan«> 

!  Tnimirtg  Anja-  1 

Mapping  of  installalitrn  training  ruT’a  brriindahes 

■  rraiFportatJon  j 

1 

Mapping  <^f  traivp>rtatjon  ty  po  raid  locatinrri  i 

'  Util  line’s  1 

li'catjon  "f  local  utility  liixs.  branches,  and  suujons  ' 

'  ; 

Mapping  of  vegoljjnon/laDdc^rvt  r  tyrts  iuid  qiialitits  ! 

'  Wt  athtT  1 

Mappirg  of  wecithcr  data  lo  g  ,  rainfall,  wind  rlireelion  and  .xpivd,  etc  )  . 

WeUands  | 

Mapping  of  wedand  Ic  :atioiv^  and  types  aen'sa  iristallalion  | 

.  Wildhfo  Inv^cnti^nr^s  1 

!n\’».*nlory  and  iocatiort*  oi’  uipr>rtanL  wildlife  siungs  | 

1  VVildlil'c  Murvrfyrn-'nt  Unitw  1 

Dehmsitjon  of  wildlife  inuriiag\.an:nt  ufn&  j 

Table  3. 1:  Standard  Map  frr  Militarj’  Databases 
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3.4.  Map  Scale  and  Map  Laiyer  Resaluticn 

In  addition  to  choosiitg  map  layer  topics,  the  installation  must  consider  the  selection  of 
the  appmpriFifp  scale  for  the  map  from  which  information  will  be  taiicn  when  the  map 
layer  is  input  to  the  GRASS  database.  This  is  closely  tied  to  the  question  of  map 
resolution.  In  GRASS,  raster  map  I^er  data  are  stored  in  a  grid,  made  tp  of  tiny 
rectargles  ( cells). ^  Each  cell  in  the  grid  represents  an  area  on  the  Earth.  The  size  of 
d«se  cells,  arxl  correspondingly,  tl^  actual  area  on  the  Earth  which  they  represent,  is 
determmed  by  the  resolution^  chosen  for  a  map  Ityer.  A  map  which  has  north-south 
and  east-west  cell  resolutions  of  50  meters,  for  example,  is  a  map  l^er  in  which  each 
cell  contains  a  value  w'hdch  represents  a  50  X  50  meter  square  on  the  Earth.  Since  a 
laiger  scale  map  contains  more  infonnation  for  a  given  place  on  the  Earth  than  does  a 
smaller  scale  map,  it  is  appropriate  choose  a  corresponding  cell  size  which 
represents  a  smaller  piece  of  the  Earth  (in  greater  detail)  for  a  laiger  scale  map,  and 
vice  versa 

Figures  3.1(a)  and  3.1(b)  illustrate  the  .storage  of  data  at  two  difTerent  resolutions,  for 
tl«  same  geographic  area  In  Figure  d.lta),  each  rectangular  cell  represents  a  20-meter 
X  20-ineter  area  on  the  Flarth.  hi  Flginx-  3.1(b).  each  cell  represents  a  lOO-meter  X 
100- meter  area  on  the  Flarth.  Becau:«,  for  a  given  map  layer,  each  rectangular  cell  can 
contain  only  one  data  value  (i.e.,  only  one  cell  "categoiy"),  more  cells  means  more 
data  (and  hence  more  detail)  over  tile  same  dataset  Figure  3.1(a)  contains  25  times 
the  number  of  cells  (and  therefore  25  times  th?  nuniier  of  cell  category  data  values)  as 
appear  in  Figure  3.1(b).  Rgure  3.1(a)  tlterefore  contains  25  times  more  detail  than 
Figure  3.1(b). 
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FigiJiv  S.  1(a):  20- m<*UT  odl  it¥»olutian 
( 100  (rlLs  witiiin  n  40.000  roeU'j- 


R^ure  X  1(  b) ;  100-  meter  cell  resolution 
( 4  tvils  within  n  40,000  square  meter  area) 


■'  Although  maps  ait*  inpin  to  GR.\SS  ui  <  O'/  latv  imdo  format,  most  are  then  internally 
converted  to  raster  (gnd  celb  fomvit  for  storapo  and  analysis.  Map  layers  (in  raster  format) 
are  conrnonlv  referral  to  as  cell  files  or  gnd  cell  files.  See  chapter  §5  An  Introdiction  to 
CRASS  GIS  Sofhvare  (/) .?.')!  for  a  discussion  of  nister  and  vector  data  formats. 

*  Resolution  is  expressed  in  a  cciniterintuitivT'  way  High  rrsohdion  deixotes  greater  detail, 
but.  is  expressed  by  small  numbeie,  Gonvei'sely.  lorn  resoliidon  denotes  low  levels  of  detail, 
but  is  ex'CTPSsed  by  high  numbt'rs.  Fbr  ex.Tinfrle,  10-meter  resolution  data  is  of  higher 
resolution  tmxl  will  show  more  detai.)  than  lOOnieter  resolution  data  (which  will  show  less 
detail).  Tbn-nieter  resolution  data  is  capable  of  stxrwing  1(X)  times  as  much  detail  as  is  shown 
by  lOO-meter  resolution  dam. 
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3.5.  VariaUes  in  Chooang  La^yersy  Scale,  and  Resolution 

11:16  decision  that  installation  pei-sormel  must  make  is  thus  twofold.  First,  they  must 
choose  map  l£iyer  tcpica  Second,  they  must  select  a  map  scale  and  a  cell  resohitiai 
appropriate  for  that  map  layer.  Some  of  the  variables  to  consider  when  makipg  these 
decisions  are  examined  below. 

Three  important  issues  arise  when  choosing  the  resolution  of  a  cell  map.  One  involves 
the  technical  capabilities  of  the  compicter  on  which  GRASS  will  be  run.  GRASS  cell 
files  can  be  quite  large,  and  the  higher  the  cell  resolution,  the  larger  the  cell  file  will 
be.  This  means  that  the  physical  size  of  tiie  dataset,  and  the  distribution  of  data  across 
the  dataset,  will  also  affect  the  choice  of  cell  resolutioa  A  dataset  requiring  the  limits 
of  the  machine’s  capdoilities  m^  be  very  cumbersome,  and  tediously  slow  to  work 
with. 

Resolution  will  also  depend  on  the  use  to  which  the  data  will  be  put.  If  the  user  is 
interested  in  examining  only  gross  landcover  changes  over  time  across  a  large  dataset, 
for  example,  low  cell  resolution  may  be  desirable.  If,  however,  the  user  intends  to 
manage  very  small,  sensitive  islands  of  habitat,  and  to  chart  correlations  in  species 
change  with  minor  alterations  of  varidbles,  it  may  be  necessary  to  map  data  at  a 
relatively  high  resolution.  When  data  will  be  used  in  a  number  of  applications 
requiring  different  resolutions,  data  should  be  obtained  at  the  highest  needed 
resolution,  and  resampled  to  any  necessary  lower  (more  gross)  resolutions.  Another 
alternative  is  to  store  data  at  a  low  resolution  for  a  large  area  (e.g.,  the  entire 
installation),  but  to  develop  and  store  "window's"  of  high  resolution  data  (e.g., 
endarrgered  species’  habitat  areas)  for  specific  regions. 

A  thiixl  issue  centers  on  the  question  of  the  source  of  chgitaJ.  geographic  data.  The 
relevance  of  this  issue  can  be  examined  using  the  example  of  satellite  imagery.  With 
imagery  data,  the  resolution  of  the  cell  map  should  be  the  same  as  the  spatial 
resolution  of  the  original  data  This  resolution  is  what  is  possible  given  the  satellites’ 
technical  cepabilities;  outside  of  resampling  to  limit  the  size  of  the  final  cell  map,  little 
would  be  gained  by  choosing  something  other  than  the  original  resolution  when 
making  the  GIS  cell  map.  Note  that  in  this  case  data  are  recorded  directly  from  the 
Earth.  Although  tiiere  is  virtually  no  limitation  to  the  detail  that  is  present  in  features 
on  the  Fiarth,  each  satellite  sensor  is  limited  to  a  set  resolution  (e.g.,  10  arxl  20  meters 
for  SPOT,  30  meters  for  LANDSAT  and  TM).  The  GIS  user  must  accept  the  limit 
imposed  by  the  original  imagery  pixel  size,  or  use  alternative  data  sources  (e.g.,  low' 
altitude  aircraft  images). 

This  can  be  contrasted  with  creation  of  a  cell  map  from  a  digital  version  of  an  existing 
paper  map.  ITie  first  tendency  might  be  to  use  a  very  high  resolution  in  order  to  have 
as  much  "detail"  as  possible.  There  is  theoretically  no  limitation  in  the  resolution 
choice,  since  GRASS  can  create  grid  cells  of  virtually  any  size. 

But  at  this  point,  the  level  of  detail  represented  by  the  original  map  must  be 
considered.  A  map  is  only  a  niodd  of  the  Earth.  Since  a  map’s  scale  is  related  to  its 
level  of  detail,  maps  which  are  at  a  relatively  large  scale  may  be  safely  represented  by 
relatively  high  resolution  cell  maps;  rricps  drawn  at  relatively  small  scales  are  safely 
represented  by  relatively  low  resolution  cell  maps. 
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The  question  of  cell  resolution  in  this  case  might  be  managed  by  using  Table  3.2.  The 
suggested  resolutioiK  below  are  based  on  the  assumption  that  a  paper  m^  may  be 
safely  "resolved"  to  a  level  of  between  .75  mm  and  1.5  mm  on  the  map,  for  maps  of 
moderate  scale.  That  is,  as  measured  on  the  original  p^r  map,  an  area  of  about  one 
square  millimeter  would  be  included  as  a  sirigle  cell  in  a  cell  m^.  These  ranges  of 
resolution  are  not  a  requirement  They  Iiave  been  deieuiibjed,  for  the  most  part, 
through  experience.  In  addition,  some  studies  have  shown  that  standard  American  map 
production  techniques  can  be  expected  to  result  in  maps  that  are  accurate  to  about  one 
millimeter. 

Tte  values  in  Table  3.2  were  arrived  at  in  the  following  way.  (liven  a  m^  with  a 
scale  of  1:24, (XX),  a  distance  of  .75  mm  (the  lower  lever  given  above)  on  the  map 
would  represent  18  meters  on  tlie  Plarth  (.75  X  24,(300  IS.OOO  mm).  The  value  of  18 
meters  is  rounded  up  to  20  for  the  table  below.  Th‘  cell  resolution  might  thus  be  set 
at  20  meters. 

Note  that  the  resultant  resolutions  (in  meteis(  will  v^iry  depending  on  the  m^  scale. 
This  is  unlike  the  soiggesied  level  oi  75  mm  to  1.5  mm,  which  is  constant  for  all 
maps. 


lyian  ^alf- 

.1  Jt;  sid  1 

r  145,^0 

10-25  iTetere  | 

n.  ^qxxx)  _ 

■  15-.30  niptr'rs  _ 

■  20-35  ireters _ ! 

_j^  _ j 

1:50.CX)0 

1  40-75  meters  ' 

i  l:(>'i36Q 

\  50-95  ireters _ j 

75,000 

J  .55-110  metei's _ ] 

1 ; '  000  7.^  15(^  n  ptere _ | 


Table  3.2:  Su^ested  Ran^  of  Renlulions  ftx*  Common  Map  Scales 

77ie  (iimkibility  of  the  original  ciaia  is  another  variable  to  consider.  Whenever 
p(t.s.sible,  data  .sliould  be  obtained  in  digitid  format  Paper  m^s  come  from  many 
sources,  although  only  a  few  agencies  piT)\ide  .‘Standardized  maps  of  large  areas.  The 
8t)il  Conserv^ation  Service  (SCS)  and  the  United  States  Geological  Survey  (USGS)  are 
two  soimces  of  laige  scale  maps  of  good  quality.  Sources  of  digital  and  nondigital 
data  comnxjnly  used  in  GlSs  are  listed  in  Titbles  3.3  and  3.4.  The  cost  of  gathering 
originid  data  and  producing  a  map  is  so  great  that  in  most  cases,  the  installation  is 
advi.sed  to  use  available  maps.  Two  exceptions  arise  where:  (1)  a  standard  msp  in  a 
series  lias  not  yet  been  produced  for  all  or  part  of  an  installation,  or,  (2)  an  installation 
already  has  access  to  .some  data  of  special  interest  In  the  first  case,  amangements  can 
often  be  made  to  share  map  production  costs  with  the  agency  responsible  for  the 
series.  In  the  second,  the  installation  may  have  been  systematically  collecting  data  on 
some  topic  and  this  data  might  become  a  usefid  map  layer  in  the  GIS. 
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Table  3.4:  Souitxs  of  Digital  Spatial  Data  for  GISs 
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Potential  applications  of  the  data  is  also  a  necessary  consideratioa  How  will 
installation  personnel  make  use  of  the  system  once  it  is  operatmg?  Although  the  ideal 
system  might  contain  all  possible  information  at  as  large  a  scale  (and  as  high  a 
resolution)  as  possible  in  oitier  to  be  later  used  for  any  desired  application,  it  is  better, 
in  a  practical  sense,  to  start  with  only  those  overlays  necessary  to  conplete  one  or  two 
applications.  Other  layers  can  be  added  as  the  installation  moves  ahead  in  its  use  of 
the  system.  When  considering  possible  applications  of  the  GIS,  the  installation  might 
usefully  assess  current  practices  to  examine  how  these  might  be  done  more  efficiently 
using  a  geographic  information  system.  The  kind  of  training  done,  the  local  vegetation 
arxi  cUmate,  and  any  special  problems  at  the  installation  make  the  needs  of  each 
installation  unique.  Consultation  with  GRASS  GIS  siqjport  personnel  will  be  helpful 
in  assessirg  tirese  needs.  Refer  to  chapter  §4  GRASS  Applications  for  MUtary 
Installations  [p.23]  for  a  more  thorough  discussion  of  potential  GRASS  applications. 

The  level  of  detail  to  irx;lude  on  the  map  is  another  element  to  consider.  If  locations 
of  vegetation  are  sought,  but  the  nature  of  the  vegetation  is  immaterial  to  the 
application,  a  map  layer  might  be  developed  which  classified  aU  data  into  one  of  two 
categories  -  uegetatioa,  and  nonvegetction.  If,  however,  the  application  will  be  used  to 
evaluate  which  areas  on  the  installation  can  be  outleased  for  timber  cutting,  a  map 
layer  distingirishing  different  vegetation  types  would  be  developed. 

The  size  of  the  installation  can  also  have  a  bearing  on  the  choice  of  map  scale. 
Hcwdware  limitations  may  not  allow  ea^  storage  and  display  of  very  detailed  data  for 
a  very  large  area  Table  3.5  lists  file  sizes  for  1:24,000  USGS  quad  sheets,  for  various 
t^lutions.  Perhgps  only  one  or  two  areas  of  special  interest  require  data  at  the  larger 
scale. 


Approximate 

Cell  File  Sizes  for  One  1/24,000  USGS  Quadrangle 
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TaMe  3.6:  Approxiniate  Ceil  File  Szes  for  One  b24,000  OSGS  Quadran^e 


Staff  time  and  cost  are  other  factors  that  influence  constixiction  of  a  database.  Table 
3.6  shows  estimated  labor  requirements  associated  with  the  development  of  common 
map  layers.  It  states  approxiiate  hours  of  labor  required  (for  one  1:24,000  USGS 
quadrangle):  to  prepare,  draft,  and  label  a  m^  previous  to  digitizing  or  scanning  it ;  to 
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Tahle3.6:  Hours  of  Labor  Required  for  One  1:24,000  USGS  Quadran^e 
( digitized  in  stream  mode) 
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1  Hours  of  Labor  Required  for  One  1.24.000  USGS  Quadraruile 
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Table  3.6:  Hours  of  Labor  Required  for  One  1:24,000  USGS  Quadran^e 
((figitized  in  stream  mode) 


■  Ill  gt^neral,  tiie  hours  aiioted  above  for  maplayer  Start-Up  and  Support  activities 
will  often  be  sutHcient  to  cover  all  quadrangles  in  the  database.  For  example, 
although  an  individual  mi^t  sjiend  3  hours  on  start-up  and  3  hours  running  map 
support  for  one  1:24.000  quad  depicting  geology,  that  individual  would  spend  only  a 
total  of  3  hours  for  .start-up  and  3  hours  running  map  support  when  doing  five 
1.24,000  quads  depicting  geologj-. 


Hours  alloted  for  drafting  and  labeling  soils  maps  reflect  time  u.sed  to  align  soil 
survey  map  sheets  and  to  gi'oreference  photographs. 
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digitize,  arxi  attEch  data  category  labels;  arxl  to  run  GRASS  support  programs  to 
convert  data  into  GRASS  grid  cell  (raster)  format  Labor  requirements  will  vary  with 
the  level  of  detail  or  density  of  the  data,  and  with  wap  feature  type. 

GRASS  recognizes  three  types  of  map  features;  areas  (also  termed  polygons),  linear 
features  (also  termed  lines),  and  points  (aka  ates).^  Typically,  maps  containing  areas 
or  linear  features  will  be  imch  more  detailed  (and  thus  more  time  consuming  to 
digitize)  than  those  containing  only  point  data  Because  it  is  unnecessary  to  redraft 
points,  draftii^  tin£  has  been  omitted  from  labor  requirements  for  map  lexers  of  site 
features.  Most  frequently,  a  given  map  type  will  relate  to  only  a  sirigle  type  of  map 
feature  (areal,  tiiKar,  or  point).  However,  some  mtps  might  logically  be  digitized  as  a 
series  of  polygons,  or  as  a  series  of  linear  features,  or  sometimes  as  a  series  of  points. 
For  exanple,  altl»ugh  locations  of  archaeological  ates  (sIidwti  in  Tdble  3.6  under  Map 
Type  "Cultural  Resource  Sites")  night  be  digitized  as  sites/points,  they  mi^  also  be 
digitized  as  areas. 

Variations  in  tyruts  required  to  draft  and  label,  and  to  digitize  and  attach  category^ 
labels,  are  given  for  maps  with  '  low,"  "medium,"  and  "high"  densities  of  data  in  Table 
3.6.  For  example,  it  is  estimated  that  a  highly  dense  geology  map  would  require  36 
hrurs  of  l^r.  (1)  3  hours  for  map  preparation,  (2)  15  hours  to  be  redrafted  and 
labeled  (onto  mylar),  (3)  15  hours  for  digitizing  area  edges,  and  for  attachment  of 
GRA^  category  labels,  and  (4)  3  hours  for  running  GRASS  support  routines 
(converting  vector  data  resulting  from  digitizing  or  scanning  into  a  labeled  GRASS 
grid  cell  m£p  layer).  Maps  illustrating  the  general  levels  cf  detail  associated  with 
"low,"  "iredium"  and  "high'  densities  of  data  are  shown  in  Figures  3.2  and  3.3  (pp  13 
and  14). 

WTien  estimating  labor  requirements  for  data  development,  only  necessary  tasks  should 
be  included  (e.g.,  if  it  is  urmecessaty  to  redraft  a  map  prior  to  digitizing  or  scanning, 
do  not  include  hours  for  drafting  and  labelir^).  Smilaily,  if  a  given  map  type  lists 
labor  requirements  for  nore  than  one  map  feature  type,  but  only  one  layer  showing 
one  of  these  feature  types  is  needed,  only  hours  necessary  to  prepare  the  map  layer 
with  the  relevant  feature  type  should  be  included  (e.g.,  if  a  map  of  cultural  resource 
sites  as  point  features  is  requred,  but  one  of  cultural  resource  .sites  as  area  features  is 
rot,  only  the  time  nece.s.saiy  to  prepan;,  digiti.ze,  label,  and  run  support,  programs  listed 
in  the  "Fbint"  row  should  be  included). 


'>  Refer  to  the  GRASS  3.0  Frogninrier’s  Muuiol  and  to  the  paper  GRASS  3.0  Mcqxkv 
Vector  Forrmi  for  an  expUuiation  of  tfierc  terms,  llie  latter  document  is  av'ailable  upon 
request  from  the  GRASS  Infonnalion  Center  at  the  address  shown  in  §8.7  Points  of  Contact  for 
GRASi  Infomntion  and  Support  [p  r’/i.  Mictiael  Siapiro,  Jhmes  Westervelt,  Dave  (jendes, 
Micliael  figgins,  and  Manorie  T  -arson,  GRASS  3.0  Ptograrmier’s  Ma/iual.  ADP  Report  N- 
89/14  (IJSACERlv,  .September  1989).  I^ctiael  Hggins  and  David  Gerdes,  GRASS  3.0  Vector 
Forma.,  in  GRASS  User's  Reference  Manual,  by  ffemes  Westervelt,  Michaiel  Shapiro,  William 
D.  Goran,  et  al,  ADP  Report  N-87/22  CUSACElEiA  September  1988). 
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3.6.  Ccndusion 

Hanning  for  data  needs  is  a  crucial  part  of  die  GIS  implementation  process.  Initial 
decisions  made  about  the  types  of  data  to  order,  the  formats,  resolution,  and  scales 
these  data  will  assume  for  use  and  later  storage,  and  what  map  layers  are  to  be  created, 
will  determine  the  types  of  applications  users  can  perform  with  GRASS.  These 
decisions  will  ultimately  determine  how  useful  the  ^stem  is,  and  how  cost  effective  it 
will  prove. 

USACERL  personnel  v/oridng  with  the  GRASS  GIS  have  experience  in  weighii^ 
these  variables  and  are  available  for  extensive  consultation  as  these  decisions  are 
made. 


§3  Giidelines  in  Camtructing  a  GRASS  GIS  Database 


Flg:ure  3J2(c):  An  example  of  high  deneity  linear  featuiea  Figure  3^(0:  An  example  of  'ugh  density  areal  featunee 

I 

Figures  3i2  •  illustrate  various  levds  dt  map  detail  (low,  medium,  and  high  line  densities) 
for  an  area  roughly  equal  to  the  size  of  one  1:24,000  U8GS  quad 
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Altlioiigh  GIS  applications  can  only  be  performed  after  the  system  has  been 
set  up  and  all  necessary  data  have  been  input,  the  choice  of  data,  staff,  and  of 
tlie  system  itself  must  be  based  on  intended  uses.  The  previous  chapter 
discussed  considerations  relevant  to  the  construction  of  a  GIS  database.  This 
chapter  discusses  the  applications  to  wliich  such  data  can  be  put 


4.1.  Data  and  Ap^^catiotis  for  the  GIS 

Data  arguably  represent  the  single  largest  investment  in  a  GIS.  It  is  therefore 
important  that  the  relevance  of  these  data  to  GIS  applicaiions  be  considered  before 
data  are  obtained.  GRASS  was  originally  designed  for  environrrental  planners  at 
military  installations,  it  is  now  used  by  both  military  and  other  asers  to  assess 
environmental  impacts,  evaiu.ite  site  suitability,  deiec’t  change,  nrangge  resources,  and 
model  the  effects  of  envirenmental  changes  across  a  landscape.  The  range  of  possible 
applicatioivs  is  virtually  unlimited. 

GRASS^GIS  appiiciiliotis  can  be  divided  into  two  broad  classes: 

1)  Those  which  artenpt  to  locate  sites(s)  meeting  specified  (user- defined) 
charactchstics, 

2)  Tho.se  which  attempt  to  characterize  die  nature  of  certain  known  (user-defined) 
sites  or  phenomena 

The  first  categoiy  includes  such  applicalioas  as  facility  siting,  site  allocation,  routing 
analyses,  and  .site  predictioa  The  second  categoiy  encompasses  such  applications  as 
site  evaluation  aid  criange  detec tioa 

Applicalioas  eai  iiisu  be  clas.sified  by  the  element  likely  to  conduct  die  analysis.  On  a 
militaiy'  insta’ialioa  die  following  elements  miglit  commonly  perform  GRASS 
applicatioa'^; 

•  fjivironnif.ntal  Office 

•  Master  Hanning  Office 

•  Nauiral  Resmiroesi  nnd  Management  (Office 

•  tyinge  Maiagenieni.  group 

•  Training  Mana^mu-vp-ii  gmup 


Ont'  rosTioasibility  of  the  GIS  Coordinator  is  to  list  potential  uses  at  the  site  for  the 
GIS,  and  ti)  involve  others  on  the  inslallation  who  might  make  ase  of  the  GIS  in  the 
implementation  proces.s. 

Table  4.1  contains  a  brief  list  of  .sonic  po.s.sible  GIS  applications.  These  arc  classified 
by  the  installation  element  likely  to  perfonn  the  analysis,  and  described  briefly  in  §4.4 
^\})plic(ition  Corr-qx’ndium  \p.26].  Many  other  applications  are,  of  course,  possible. 
Users  at  each  site  musl  detemiine  which  applications  are  relevant 
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GRASS  can  be  used  to  display,  manipulate,  analyze,  and  predictively  model  data  which  can  be 
spatially  represented.  Broadly,  this  has  involved  the  areas  of  facUity  siting,  locational  prediction 
of  phenomena  (archaeological  sites,  crimes  done  according  to  pattern,  etc.),  and  the  monitoring 
of  change  over  time  and  space  (as  in  the  monitoring  of  erosion,  live  deer  weigjit,  and  timber 
production  over  time  across  an  installation) .  GRASS  searches  a  data  base  for  the  presence  of 
user-specified  variables  (or  combinations  of  variables) ,  and  displ^  and  manipulates  the  data  as 
requested.  Below  is  a  very  brief  list  of  some  of  the  possible  analyses  to  which  GRASS  migjit  be 
eq^plied  on  an  installation. 


Elnei©^  Office: 

Monitoring  energy  use 

Einvircnmental  Office: 

Cultural  resources  management 
Cultural  site  prediction 
Environmental  impact  assessment 
Facility  siting 

Groundwater  data  management 

Habitat  assessment 

Hazardous  waste  site  management 

Land  condition/ trend  analysis 

Landfill  site  selection 

Noise  impact  analysis 

Permit  management 

Pesticide  program  management 

Rehabilitation  prioritization 

Smokes  dispersion  modeling 

Master  Planning 

Boundary  mapping 

Cultural  resource  management 

Facility  mapping 

Facility  siting 

Flooding  analyses 

Land  use  analyses 

Master  planning 

Besouice  assessment 

Transportation  corridor  analyses 

Visual  impact  assessment 

Zonal  maps 

Range  Management: 

Change  detection 
Range  placement 
Training  area  maintenance 
Training  area  scheduling 
Training  impact  assessment 


Natural  Resources/  Land  Management: 
Allocation  of  Field  Transects 
Change  detection 

Cross-country  movement  (monitoring) 
Endangered  species  management 
Erosion  (monitoring  and  modeling) 

Facility  siting 

Flooding  analysis 

Forestry  (timber  management) 

Fire  damage  (monitoring) 

Grazing  impact  asse  ssment 

Habitat  assessment 

Himting  permit  management 

Integrated  Training  Area  Management  (PTAM) 

Land  condition/ trend  analysis 

Land  management  plans 

Landfill  site  selection 

Maintenance  scheduling 

Management  of  outleases 

Park  trail  usage 

Pesticide  program  management 

Scheduling  the  harvesting  of  resources 

Smokes  dispersion 

Watershed  analysis  and  modeling 

Wetlands  management 

Wildlife  sitings  (wldlife  management) 

Wildlife  habitat  mapping  (modeling  and  analysis) 

Trainers: 

Change  detection 
Training  area  scheduling 
Training  land  design 
Training  simulation 
Training  site  selection 


Table  4.1:  Common  Applications 
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4.2.  Data  Lawyers 

What  data  must  be  generated  to  SLqpport  the  desired  applications?  Since  the  data  layers 
in  the  system  are  often  difficult  and  expensive  to  translate  from  paper  (or  digital)  fonn 
into  the  format  used  by  GRASS,  this  is  an  important  consideratioa  There  are  several 
ways  of  determining  a  configuration  of  complementaiy  data  layers.  Often  this  has 
been  based  on  professional  judgment  and  pre\fious  experience  with  data  versatility. 
For  example,  elevation  data  is  regtilariy  used  to  create  three  separate  map  layers, 
showing  elevation,  aspect,  and  slope.  Each  of  diese  hwers  has  unique  uses.  Similariy, 
a  map  layer  of  area  soil  types  is  frequently  reclassed  into  several  map  layers  shov,ing 
soil  pH,  soil  permeability,  K  values,  etc.  These  types  of  considerations  are  important 
in  setting  priorities  for  date  layer  development  Refer  to  §5  Guidelines  in  Constructing 
a  GRASS  GIS  Database  Ip.Pl  for  a  more  detailed  examination  of  standard  database 
data  layers  and  data  sources. 


43.  Application  Types 

How  should  the  GIS  Coordinator  decide  wlrat  applications  to  perform  with  the  GIS, 
the  order  in  which  they  sliould  be  conducted,  and  when  they  should  be  scheduled? 
Table  3.1  (p  10)  contains  a  partial  listinfj  of  map  layers  used  in  si^iport  of  common 
applications.  Aji  analysis  can  be  peiibmied  to  indicate  the  relative  costs  and  benefits 
associated  with  the  perfomiance  of  applications  (see  Methodology  for  Perforning 
Retum-On- Investment  (ROD  Studies  for  I nple mentation  of  GRASS  on  Mlitary 
Installations^  based  in  part  on  the  estimated  labor  costs  associated  with  the  map  layers 
used  in  their  production  (see  Trhle  3.6  [pp  17-19;t.  Some  common  applications  are 
described  in  further  detail  below,  in  §4.4  Application  Compendium  \p.26\. 

Data  Marc^jement.  By  modifying  existing  datasets,  GRASS  can  be  used  for  ongoing 
management  of  spatial  and  tabular  data.  Spatial  data  updates  might  include;  the 
addition  of  a  newly  registered  historical  district  to  an  existing  map  of  such  areas, 
revision  of  the  inslallation  bouixlaiy  line,  deletion  of  a  recently  closed  trail  from  the 
"roads"  data  layer,  or  tloe  addition  of  a  new  hospital  to  the  "building"  sites  file. 
GRASS  can  also  be  used  in  conjunction  w  ith  a  data  base  management  system  to  cross 
reference  spatial  and  tabular  data  foi'  .such  applications  as  forestry  managernenL, 
issuance  of  himling'  pemiito,  arckicological  sites,  pest  control,  permit  compliance 
tracking',  and  wildlife  management. 

Ste  Allocatioari,  Fadlilics  Siting,  and  Route  Sdietion  GRASS  can  be  used  to  locate 
sites  niL'eting  or  maximizing  it^'r-sixx-ified  aHytiimiienls,  I'or  such  uses  as  landfills  or 
new  training  areas.  GlbASS  can  al.-o  be  a-rxi  to  allocate  sites  widiin  an  area,  using  a 
STxeified  sample  design  (e.g.,  stratified  random  sampling).  Map  layers  necessary 
depend  on  the  critena  perUnent.  to  a  particular  analysis.  Siiriilaiiy,  GRASS  can  be 
used  to  site  a  corridor  nxx'ting  user  rcxniiron'E-nt.s  tlrrough  a  least-cost  path  analysis. 
This  is  useful  for  .such  tipplicaiicus  as  piptiine  placement,  ttansportation  route 

'  Ben  Sliwinsld  (Tteseaitii  A-saociak'S.  tmiivi,  \\.\  for  Petfoniing  Retimi-Oii- 

bivestnriit  (ROF)  SUidies  for  Inpleoentalion  of  nH/\S^  on  MUtary  bistalkdons,  Techi-acal 
Ntimiacript  N-89/25  ( May  iOS;)). 
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selection,  planning  of  cross-countiy  movements,  etc. 

Stte  Rredicticn  Site  prediction  involves  the  statistical  manipulation  of  data  to 
correlate  the  preserve  of  certain  factors  with  the  occurrence  of  specified  objects  (e.g., 
the  correlation  of  certain  proximities  to  streams,  slopes,  and  vegetation  types,  with  the 
location  of  archaeological  sites). 

Site  Evahiation,  and  Land  Management  Site  evaluation  involves  evaluation  of  the 
suitability  of  a  site  for  some  user-defined  purpose  (including  land  management).  Data 
layers  necessary  to  arry  given  site  evaluation  will  depend  on  criteria  relevant  to  tire 
analysis. 

Change  Detection.  GRASS  can  be  used  for  applications  involving  detection  of 
changes  over  time  and/or  space.  For  example,  satellite  imagery  can  be  used  to  assess 
changes  in  larxicover  over  time.  Once  damage  is  evaluated,  contributing  factors  can  be 
sought;  a  predictive  model  can  tiien  be  generated  to  estimate  future  damage. 


44  Application  Compendium 

It  is  also  useful  to  categorize  analyses  by  the  elerrjents  likely  to  perform  tirem.  To 
plan  for  user  demand  for  GRASS,  the  GIS  Coordinator  should  contact  various  groips 
at  tte  implementation  site  to  leam  oC  the  analyses  that  might  be  conducted.  On  a 
military  installation,  the  following  elements  might  commonly  perform  GRASS 
applications: 

•  Environmental  Office 

•  Master  Hanning  Office 

•  Natural  Resources/Larxi  Management  Office 

•  Rarge  Management  groip 

•  Trairriirg  Management  group 

Below,  some  common  analyses  are  listed  beneath  the  installation  elements  likely  to 
request  them 


441.  EtTvironniental  Office 

Cultinnal  Rcsouitje  ManagBniE3it:  The  status  of  archaeological/historical  site 
surveys,  usage  restrictions  associated  with  each  site/area,  corxiition  of  site,  and 
site  importance  can  be  managed  using  GRASS. 

Cultural  !Ste  Prediction:  GRASS  can  be  used  to  search  for  correlations  of 
errvironmental  attributes  (e.g.,  proximity  to  surface  waters,  slope,  etc.)  indicative 
of  the  presence  of  archaeological  or  historical  sites.  Such  information  can  be 
ased  to  develop  installation  surveys,  issue  digging  permits,  and  plan  construction 
ates. 

Environmental  Impact  Assessment:  GRASS  can  be  used  to  model  the 
erivirorrtnental  impacts  associated  with  various  actions. 

Groundwater  Modeling  (e.g.,  water  table  heigl^  water  quality,  hazardous 
material  plume  dispersal,  contamination  source):  Drill  log  data  can  be  iiput  to  a 
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GRASS  sites  file,  converted  to  raster  format,  and  run  through  GRASS  surface 
modeling  routines.  The  surface  generated  by  these  routines  theoretically  might  be 
used  to  model  plume  dispersal  in  GRASS. 

Hazardous  Waste  Sites;  Locations  of  hazardous  waste  sites  can  be  displayed  in 
relation  to  access  routes,  population  centers,  and  sensitive  environmental 
attributes,  and  used  in  the  development  of  inst^ation  emergency  management 
plans. 

Tandfin  Stte  Sdection:  GRASS  can  be  used  to  locate  sites  suitable  for  landfill 
development,  usirg  such  criteria  as  soil  type,  pH  and  permeability,  slope,  depth  to 
groundwater,  and  other  factors. 

Noise  Dynamics  Modeling  of  the  dynamics  of  sound  movement  from  blast 
sources  can  be  performed  when  the  sound  propf.rties  of  the  blast  source  are 
Imown  The  Bnoise  program  (accessible  thr^h  GRASS)  can  be  used  to  to 
gonerdue  installation  (Jompatibie  Use  Zones  {I«.vuZ).  ICUZ  i.an  be  ovciicdd  vith 
a  m^  layer  indicating  densities  of  orv  and  off-post  populations,  to  detemrine  how 
noise  levels  associated  witli  current  or  proposed  activities  may  impact  local 
populations. 

Permit  Complianoe  Trackiiig;  For  each  permit  issued  to  an  installation,  data  can 
be  stored  on  its  current  status,  renewal  date,  lead  time  needed  for  renewal,  and 
nsgulatirg  agency  point  of  contact 

Pesticide  Program  Man^ement:  A  comparison  of  pest  infestations  over  time 
can  indicate  the  direction  and  location  of  spread,  potential  problem  sources,  and 
the  relative  effectiveness  of  different  treatments.  Where  pests  attack  crops,  this 
can  cdso  be  used  to  predict  crop  losses.  Information  can  be  stored  in  a  database 
to  record  dates  infesikions  were  identified,  fypes  and  quantities  of  chemicals  used 
to  combat  pests,  and  other  relevant  information. 

Recharge  Zones:  Field  survey  and/or  soils  and  other  data  can  be  used  to  define 
pnmaiy,  secondary,  etc.,  groundwater  recharge  zones.  This  data  can  be  used  to 
search  for  correlations  of  land  use  vvith  groundwater  qualily  and  to  identify  areas 
sensitive  to  development 

Recreation  Ste  Sdection  GRASS  can  be  used  to  site  recreation  areas  by  finding 
locations  within  the  dataset  having  desired  slopes,  vegetation  types,  access  to 
transportation  routes,  proxiraity  to  population  centers,  etc. 

Rdiabilitation  Priorities:  GRASS  can  be  used  to  evaluate  data  on  land  dmnage, 
their  correlation  with  different  activities  and  tiie  success  of  various  rehabilitation 
strategies,  and  to  determine  land  rehdrilitation  priorities. 

Sensitive  Impedes  Avoidance  Using  known  and  predicted  locations  of  sensitive 
species  and  their  habitats,  a  map  can  be  made  mdicating  such  areas  and  buffer 
zones  around  them,  to  regulate  tht^ir  use. 

Smokes/Air  Poilution  Moddiiig:  GRASS  ccm  be  used  to  locate  sites  likely  to  be 
impacted  by  smokes  or  air  pollutioa  Buffer  zones  can  be  drawn  around  point 
sources,  and  examined  in  relation  to  terraia  aixl  to  population  densities,  sensitive 
species  and  habitats. 

StreanvCrosang  SSite  Sensitivity:  Map  layers  of  soils,  slopes,  streams,  vegetation 
and  others,  can  be  combined  to  define  seasilive  (because  highly-erodible,  or 
containing  useful  habitat)  areas  d  wliich  stream  crossings  should  be  limited. 

Training  C^jability.  GRASS  c.an  be  used  to  determine  correlations  betwppn  land 
characteristics,  land  use,  weather,  and  other  factors,  with  the  capability  of  such 
lands  to  withstand  stress.  This  infoirnation  can  be  used  to  site  new  training  areas, 
and  evaluate  the  assignment  of  new  nissions  to  installatiorLs.  Relevant  data 
includes  that  on  soils,  slopes,  rc.strictioas  imposed  by  existing  lard  uses,  location 
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of  UXO  areas,  noise  inpacts  distribution,  location  of  sensitive  wetlands, 
archaeological  sites,  historical  districts,  easements,  int^ovemmental  agi^ements, 
availability  of  a  single  interconnectEd  area  of  the  minunum  size,  the  effects  of 
topography  on  the  requiied  safety  fans,  and  odier  factors.  Land  capability 
indexes  can  also  be  used  to  schedule  range  use. 

Wildlife  Habitat  Change;  Examination  of  changes  in  wildlife  habitat  over  time 
can  be  made  to  evaluate  changes  in  habitat  vadue,  and  suggest  the  expansion, 
contraction,  or  direction  of  habitat  change.  Installation  land  managers  can  use 
such  information  to  monitor,  protect,  and  manage  the  movement  of  desir^Dle, 
undesirable,  or  protected  species. 


4.42.  Master  Flanniiig 

'Ecsmdarei  Po’^rriarit^s  change  due  to  sale,  acquisition,  land  swans,  etc. 
Knowledge  of  current  boundaries  allows  faster  and  easier  preparation  of  outiease 
contracts,  and  resolution  of  liability  issues. 

Cultural  Resource  Management:  The  status  of  archaeologicahhistorical  site 
surve}^  usage  restrictions  associated  with  each  site/area,  coi^tion  of  site,  and 
ate  inportance  can  be  managed  using  GRASS. 

Off-Linits  Areas  (e.g.,  Impact  Areas);  Often,  the  simpie  display  of  information 
is  useful  to  land  managers.  For  exarrple,  the  need  for  addition^  trainmg  lands 
can  be  made  apparent  by  tlie  display  of  lands  to  which  access  is  restricted  or 
difficult  (including  inpact  zones,  firing  fans,  and  sensitive  environmental  areas). 

Easement  Man^fement;  Identification  of  easement  locations,  responsible 
agerx:ies  and  points  of  contact,  restrictions  associated  with  the  easement,  extent  of 
easement  buffers,  and  date  of  renewal  of  easement  agreements,  can  all  be  tracked 
usiirg  GRASS. 

Environmentally  Sengitiw  Areas;  Relevant  criteria  can  be  used  to  locate 
envirenmentally  senative  sites. 

floodir^  PotentiaL  Land  characteristics  and  ARMSED  output  can  be  used  to 
predict  locations  of  areas  sensitive  to  flooding. 

LandfiU  Site  Selection;  GRASS  can  be  used  to  locate  sites  suit^le  for  landfill 
development,  using  such  criteria  as  soil  type,  pH  and  permeability,  slope,  depth  to 
groundwater,  and  other  factors. 

Non-Ownerdiip  Areas;  Usage  of  land  is  more  difficult  when  the  parcels  are  not 
contiguous  or  wljen  different  agencies  or  irxlividuals  hold  tide.  Often  tiese  imply 
restrictions  on  kmd  use.  The  update  and  display  of  this  information  is  critical  and 
often  legally  significant 

Off-Post  Areas;  lastallaton  activities  can  inpact  adjacent  off-post  features  and 
uses.  Maps  of  off- post  areas  (slrowing  population  densities,  transportation  routes, 
political  boundaries,  land  uses,  and  zoniirg)  can  be  used  during  the  planning 
stages  of  potentially  controvei^al  Amt^  activities  to  avoid  needless  impacts. 

Quadran^e  Boundaries;  U.S.  (Geological  Survey  quadrangle  boundaries  are 
standard  arxi  often  used.  It  is  therefore  useful  to  designate  locations  of  ttese 
boundaries,  to  facilitate  overlays  of  data 

Recreation  Site  Seleetion:  GRASS  can  be  used  to  site  recreation  areas  by  firvling 
areas  within  the  dataset  having  desired  slopes,  vegetation  types,  transportation 
route  access,  distance  from  popdatioii  centers,  etc. 

Roads  Transportation  existence,  type,  interconnections  and  quality  are  all 
important  planning  considerations  in  themselves. 
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Streaim  Stream  locations  are  an  important  ermronmental  consideratioa  They 
irfluence  habitats,  erosion  and  sedimentation,  dispersion  of  pollutants,  vehicle 
stream-crossing  restrictions,  archaeological  site  occurrence,  utility  placement  (e.g., 
water  treatment  plants),  and  numerous  other  factors. 


4.43.  Natural  Resouroesljand  Management  OfiQoe 

Allocation  of  Field  Transects;  GRASS  can  be  used  to  randomly  allocate  field 
transects  on  an  installation  (for  example)  in  all  areas  containing  unique 
contoinations  of  soils  and  land  cover  which  also  meet  necessary  size 
requirements. 

Cemetery  Information  Management;  The  identification,  locations,  and 
conditions  of  installation  cemetery  areas  can  be  recorded  usir^  GRASS.  Usii^ 
such  information,  map.s  showir^  specific  cemetery  sites  and  their  relation  to 
access  roads  can  be  produced. 

Cross-Country  Mobility;  Geogr^hic  characteristics  (including  soil  type, 
landcover,  slope,  and  accessibility)  can  be  examined  to  predict  cross-courrhy 
mobility. 

Off-Limits  Areas  (e.g..  Impact  Areas);  Often,  the  simple  display  of  information 
is  useful  to  land  managers.  For  example,  the  r>eed  for  additior^  training  lands 
can  be  made  apparent  by  the  display  of  nonavadldole  lands  (including  impact 
zones,  firing  fans,  sensitive  environmental  areas,  and  noncontiguous  areas). 

Disease  Infestations  and  Migratirai  Prediction;  (}iven  known  sites  of  current 
infestation,  GRASS  can  be  u^  to  determine  characteristics  common  to  such 
sites,  and  to  search  for  other  locations  with  these  characteristics  (in  order  to 
predict  likely  future  sites  of  infestation).  SimUariy,  the  GRASS  tool  distance  can 
be  used  to  estimate  the  migration  and  spread  of  firture  infestadoa 

Elrocfibility  and  Erosion  PretUction;  This  application  involves  the  examination 
of  soil  and  vegetation  losses  on  an  installation,  and  the  atterrpt  to  correlate  such 
losses  with  inflation  activities  (e.g.,  intensity  of  training  range  use)  and  other 
factors  in  order  to  predict  the  magnitude  and  location  of  future  losses.  Results 
can  be  used  to  devdop  land  management  plans  to  insure  the  continued  viability 
of  the  land.  Calculation  of  the  Universal  Soil  Loss  Equation  is  possible  with 
information  derived  from  map  layers  of  soils  and  land  cover.  LANDSAT  or 
other  spectral  image  and  ground-truth  transects  are  used  to  determine  land  cover 
categories. 

Flrosim  Losses  Site  soil  and  vegetation  losses  can  be  examined,  and  potentially 
con-elated  with  installation  activities  (e.g.,  intensity  of  training  range  use)  and 
other  factors. 

Floodir^  PotentiaL  Land  characteristics  and  ARMSED  output  can  be  used  to 
predict  locations  of  areas  sensitive  to  flooding. 

Forest  Fire  (Burn)  FVexfictions  The  user  can  define  factors  affecting  forest  fire 
potential  (e.g.,  vegetation  type,  soil,  slope,  aspect,  presence  of  fire  bre^  or  open 
areas,  etc.),  then  filter  the  data  based  on  wind  direction  to  examine  fire  spread. 
Results  can  be  input  to  surface  modeling  programs,  and  refined  by  repetitive 
filtering. 

Forestry  Man^^anent  Cruise  completion,  date  of  last  timber  sale,  scheduled 
year  of  next  timber  sale  by  forestry  con-qrartinent,  characteristics  of  stan^ 
(probably  in  coryunction  witii  a  forestry  DBMS  package),  other  forestry 
management  applications  can  be  performed  using  GRASS. 
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Grazing  Infiacts:  GRASS  can  be  used  to  estimate  the  effects  of  gra2dng  on  land 
condition. 

Hsdbitat  Assessment:  %)ecies  sitings  (e.g.,  threatened  or  endangered  species 
sitings)  can  be  correlated  with  data  It^ers  which  imply  critical  hsSbitat  qir^ties 
(cover,  food  source),  to  develop  a  coincidence  tabulation  The  relative  habitat 
values  associated  with  different  sites  can  then  be  compared.  Correlations 
indicative  of  habitat  value  can  also  be  developed  and  used  to  search  for  probable 
sites  of  relevant  species. 

Hazardous  Waste  Sites:  Locations  of  hazardous  waste  sites  can  be  displayed  in 
relation  to  access  routes,  population  centers,  and  sensitive  environmental 
attributes,  and  used  in  the  development  of  installation  emergency  management 
plans. 

Himtiiig  Permit  Management;  Hunting  pemits  can  be  issued  on  the  basis  of 
historic^  kill  data,  t>pes  of  gaane  report^,  killed  animal  weight,  age,  sex,  etc. 

Landouva'  Charige  Detection:  lANDSAT,  SPOT,  or  other  spectral  image  and 
grnurti- truth  transects  can  be  used  to  morritor  landscape  chariges  over  time. 

Yjmdfill  Ste  Selection;  GRASS  can  be  used  to  locate  sites  suitEble  for  landfill 
development,  using  such  criteria  as  soil  t^pe,  pH  and  permeability,  slope,  depth  to 
groundwater,  and  other  factore. 

Mare^ement  of  Oudeases  The  government  often  leases  out  lands  for  farmirig, 
grazirtg  or  other  special  uses.  This  limits  land  utilization,  which  ma^’  vary 
seasorr^y.  Data  on  locations  ai'ti  uses  of  leased  properties,  lease  income 
amounts  arxl  lease  renewal  dates  can  be  used  to  manage  leased  properties,  arxl  to 
estimate  future  lease  requirements. 

Off-Linit  Areas  GRASS  can  be  used  to  determine  sites  to  remain  off-limits  for 
training,  by  (for  example)  combinirg  all  those  areas  which  cannot  be  used  (e.g., 
urban  areas,  drop  zones,  inrpact  areas,  threaterred  species’  habitals,  significant 
cultural  resource  sites,  etc.). 

Pest  CcHitrd:  For  each  site  at  which  an  insect  or  rodent  infestation  has  been 
identified,  infomiation  can  be  stored  as  to  the  date  it  was  first  identified,  the 
degree  of  infestation,  tyjxs  and  quantities  of  chemicals  used  to  con±)at  the  pest, 
and  recommended  date  for  next  chemical  application 

Rest  Infestation  A  comparison  of  pest  infestations  over  time  can  indicate  the 
direction  and  location  of  spread,  potential  problem  sources,  and  the  relative 
effectiveness  of  different  treatments.  Where  pests  attack  crops,  this  can  also  be 
used  to  predict  crop  losses. 

Recreation  SSite  Selection;  GRASS  can  be  used  to  site  recreation  areas  by  finding 
areas  within  the  dataset  liavdng  desired  slopes,  vegetation  types,  transportation 
route  access,  distance  from  population  centers,  etc. 

Rehabilitation  Priorities  GRASS  can  be  used  to  evaluate  data  on  land  damage, 
its  correlation  with  different  acUHtics,  and  the  seic-cess  of  various  reidbilitation 
s1rategie.s,  and  to  determine  land  relrabiliiation  priorities. 

Seefimentation  Sensitivity.  Riwironmeirtal  attributes  lilce  soil  type,  larrdcover, 
slope,  and  landuse,  which  are  correlated  with  soil  erosion  can  be  defined.  Such 
information  can  be  used  witir  ckiLa  output  by  the  ARMSED  sedirrentation  and 
runoff  model  linked  to  GRASS  to  identify  sites  highly  susceptible  to  runoff  and 
erosion 

Sensitive  ^jedes  Avoidance  Using  knowTi  and  predicted  locations  of  sensitive 
.species  and  their  habitats,  a  map  can  be  made  iiidicating  such  areas  and  buffer 
zones  around  them,  to  regulate  their  u;sc. 
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^nokes/Air  Pd^ution  Modeling;  GRASS  can  be  used  to  locate  sites  likely  to  be 
impacted  by  smokes  or  air  polludoa  Buffer  zones  can  be  drawn  around  j»int 
sources,  and  examined  in  relation  to  terrain,  and  to  population  densities,  sensitive 
species  and  habitats. 

Streams:  Stream  locations  are  an  important  environmental  consideratioa  They 
influence  habitats,  erosion  and  sedimentation  rates,  dispersion  of  pollutants, 
vehicle  stream-crossing  restrictions,  archaeological  site  occurrence,  utility 
placement  (e.g.,  water  treatment  plants),  and  numerous  other  factors. 

Subsurface  Modeling  (e.g.,  water  tdole  height,  water  quality,  hazardous  material 
plume  dispersal,  contamination  source):  Drill  log  data  can  input  to  a  GRASS 
sites  file,  compelled  to  raster  format,  and  run  through  GRASS  surface  modeling 
routines.  The  surface  generated  by  these  routines  can  be  used  to  model  plume 
dispersal  in  GRASS. 

Timber  Stand  Density:  Detection  of  clianges  in  timber  stand  densities  can  be 
used  to  estimate  outlease  value. 

Trainiiig  Capability:  GRASS  can  be  used  to  determine  correlaiions  between  land 
characteristics,  land  use,  weather,  and  other  factors,  with  the  capal  ility  of  such 
land  to  withstand  stress.  This  infonnation  can  be  used  to  site  new  training  areas, 
and  when  assigning  new  missions  to  installations.  Relevant  data  includes  that  on 
soils,  slopes,  restrictions  imposed  by  existing  land  uses,  location  of  TJXO  areas, 
noise  impacts  distributicn,  eodstence  of  off- limit  w’etlands,  archaeological  sites, 
historical  disnicts,  easements,  mtergovemmentol  agreements,  availability  of  a 
sirgle  interconnected  area  of  the  minimum  size,  tlie  effects  of  topography  on  die 
required  safety  fans,  and  other  factors.  Land  capability  indexes  can  also  be  used 
to  schedule  raonge  use. 

Watershed  Management:  Watershed  basins  can  be  derived  usii^  (jRASS,  and 
information  on  their  areas  and  percentage  of  vegetation  coverage  then  used  to 
estimate  prescribed  seeding  amounts  and  dates,  predicted  sediment  yield  (from 
grass’s  ARMSED  model),  etc. 

Wetlands  Management:  GRASS  can  be  used  to  create  and  store  data  for 
wetlands  management  (e.g.,  wetlands  locations,  sizes,  and  distribution).  Models 
can  be  produced  to  correlate  wetlands  damage  with  certain  unit  activities. 
Sensitive  and  at-risk  wetlands  areas  can  be  identified,  for  protection  from 
encroachment  or  overuse. 

Wiliflife  Mana^jtsment:  i’k;uTiination  of  chcaiges  in  wildlife  fdbitat  over  time  can 
be  rrcidc  to  evaluate  chancres  in  liabitat  value,  and  suggest  the  exptoiasioij, 
contraction,  or  direction  of  Ribitat  ciiange.  Installation  land  managers  can  lese 
such  information  to  monitor,  protect,  aiod  manage  the  movement  of  de.sirable, 
undesirable,  or  protecied  species. 


4.4.4,  Kai^'  Maiic^»iLaiieiit  and  'rraiiiii^  MarK^omil 

Off- Limit  Areas  GRASS  can  be  used  to  determine  sites  to  remain  off-limits  for 
training  or  other  uses.  The  need  tor  additional  training  lands  can  be  made 
apparent,  for  cAample,  by  the  display  of  non-available  larxls  (including  impact 
zones,  tinng  fans,  and  sensitive  environmental  areas). 

IVaining  Area  Maintenance  Oist  'Tracking  As  land  degradation  is  identified, 
required  maintenance  and  recovery  costs  and  actions  can  be  organized  and 
tracked  using  tire  ty^-ste'm.  7’he  .scixxiuling  and  status  of  activities,  and  locations 
where  the  prescribed  actions  ane/an?  not  meeting  objectives,  can  be  identified. 
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Trainipg  Area  Sitting;  Traiiiing  areas  and  rapges  can  be  sited  usiiTg  GRASS, 
based  on  the  types  of  activities  to  be  performed  on  them,  and  the  ability  of  the 
land  to  sustain  them.  Requerdy,  installations  organize  performance  of  activities 
by  training  area  Such  activities  may  include  not  only  training,  but  seeding, 
forestry,  eroaon  management,  some  bi^eti^  arrangements,  etc.  GRASS  can  be 
used  for  the  display,  organization,  manipulation,  and  correlation  of  such  data 

Traiiiiiig  Land  Capacity:  GRASS  can  be  used  to  determine  correlations  between 
land  characteristics,  land  use,  weather,  and  other  factors,  with  the  capability  of 
such  land  to  withstand  stress.  This  information  can  be  used  to  site  new  trairrirg 
areas,  and  to  assign  new  missions  to  installations.  Relevant  data  includes  that  on 
soils,  slopes,  restrictions  imposed  by  existing  land  uses,  location  of  UXO  areas, 
noise  impa^cts  distribution,  existence  of  off-limit  wetlands,  archaeological  sites, 
historical  districts,  easements,  intergovernmental  agreements,  availability  of  a 
sirigle  interconnected  area  of  die  minimum  size,  the  effects  of  topogr^hy  on  the 
required  safety  fans,  and  other  factors.  Land  capability  indexes  can  also  be  used 
to  schedule  range  use. 

Trainiiig  The  frequency,  functions,  and  intensify  of  trainirg  area  use  can 

be  managed  usirg  GRASS.  Such  data  can  be  used  in  corgunction  with  soils  and 
climatic  data  to  project  desired  usage  locations  and  intensities. 

Ti^ectory  Anatysis  Use  of  elevation  data  to  determine  the  possible  lergths  of 
ti^ectories  at  sp^ified  heights.  Such  analyses  can  be  used,  for  example,  to 
develop  a  viable  line-of-sight  for  a  weapon 


45.  Summary 

This  chapter  has  examined  some  potential  GRASS  applications,  and  considerations 
relevant  to  their  selection  and  execution  Which  applications  can  readily  be  performed 
at  a  given  user  site  will  be  highly  dependent  on  the  types  of  data,  stpportirg  software, 
hardware  configuration,  fundirg,  and  the  availability  and  skills  of  ^stem  staff  present 
there.  Applications  have  the  potential  to  alter  the  ase  and  management  of  resources  at 
sites,  and  are  the  only  visible  output  from  GRASS.  It  is  therefore  important  that  the 
uses  to  which  GRASS  will  be  put  be  considered  before  the  ^stem  is  acquired,  and 
that  ^plications  be  as  fully  integrated  as  possible  with  other  aspects  of  GRASS 
implementation,  prior  to  their  selection 
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11118  chapter  describes  the  design  and  development  scope  of  GRASS  tbrou^ 
its  capabilities,  operating  environment,  and  design  concept 


5.1.  Introduction 

GIS  implementation  is  a  complex  procedure,  involving  several  components.  One  key 
conponent  is  software  selection  Software  is  selected  for  the  intended  uses  of  the 
system,  data  requirements,  the  hardware  available,  the  level  of  training  required,  the 
ease  with  which  the  software  can  be  modified,  and  many  other  factors. 

Software  evaluation  criteria  are  not  examined  here,  as  it  is  assumed  that  the  selection 
of  GRASS  software  has  already  been  made.  Instead,  this  chapter  describes  the  design 
and  development  of  GRASS  GIS  software  through  its  functions,  operating  system,  and 
design  concept  GRASS  is  first  defined.  Then  GRASS  data  formats  and  the  types  of 
fimctions  able  to  be  performed  on  the  ^stem  are  examined.  Hardware  requirements 
are  then  outlined,  and  finally,  the  GRASS  design  coixept  is  examined  in  detail. 


5.2.  What  GRASS  Is 

Different  geographic  information  systems  have  different  objectives,  abilities,  operating 
eirvirorunents  and  scope.  No  single  system  does  everything.  GRASS  can  be  briefly 
defined  as; 

A  geogr^hic  information  system  (GIS)  - 

It  is  not  a  word  processor,  a  statistical  .'=ystem,  a  dat^ase  management  ^stem,  or 
an  automated  mapping- facilities  management  ( AM/FM)  system.  It  is  possible  to 
interface  GRASS  to  such  systems,  however. 

A  program  that  accommodates  raster  and  vector  data  fomiats  - 

Both  raster  and  vector  data  formats  are  accommodared  (to  different  extents)  in 
GRASS.  Vector  data  are  used  in  GRASS  for  digitizing  and  the  graphic  overly 
of  data  AH  data  analyas  is  done  on  raster  data,  and  GRASS  is  therefore 
commonly  referred  to  as  a  raster-based  system.  GRASS  contains  conversion 
programs  to  translate  vector  data  to  a  raster  format,  and  vice-versa 
A  set  of  tools  - 

When  arrayed  with  other  systems,  GRASS  can  be  enployed  to  successfully 
manage  land  resources. 

A  data  input-output  system  - 

GRASS  is  c^)dt)le  of  data  digitizing,  data  read-in  and  read-out  conversions,  image 
processing,  data  analysis,  and  data  presentatioa  GRASS  continues  to  grow,  arxl 
to  provide  more  sophisticated  utilities.  Cooperative  efforts  continue  to  be  needed 
to  coordinate  the  use  of  GRASS  with  systems,  technologies,  personnel,  and 
regulations  already  involved  in  the  planning  process. 


§5  An  introduction  to  GliASS  GIS  Software 


-34- 


-  34- 


System  capabilities  are  described  in  furdier  detail  in  section  §5.5  Data  and 
Capabilities  Ip.  34]. 

5.3.  Data  and  Capabilities 

The  way  in  which  computer  data  is  organized  defines  the  potential  for  its  use. 
Geogr^hic  data  can  be  stored  in  two  basic  formats:  raster  (aka  grid  cell),  and 
vector  (aka  arc-node).  Image  analyas  systems  typically  use  raster  data,  while 
conputer- aided  design  (CAD)  packages  typically  use  vector  data.  GRASS  uses  both 
data  formats. 

Maps  which  contain  distinct  linear  features  (like  roads,  and  streams)  or  distinct  areal 
features  (like  county  boundaries,  training  areas,  soils  polygons,  etc.),  are  input  to 
GRASS  in  vector  format  These  features  are  defined  and  stored  as  a  series  of  two- 
dimensional  coordinate  pairs  (points).  This  vector  data  is  then  converted  into  raster 
format,  since  analysis  programs  in  GRASS  work  on  raster  data 

GRASS  uses  the  raster  format  for  the  processing  of  image  and  geographic  data.  In  a 
raster  format  the  landscape  is  divided  like  a  checkerboard  into  regular  rectangular 
parcels  of  land.  Attached  to  each  parcel  are  idenlifyirig  attributes  specifyiiig  (for 
exartple)  the  particular  parcel’s  soil  type,  land  cover,  larxl  use,  vegetation,  geology, 
slope,  elevation,  etc. 

GRASS,  at  the  release  of  version  3.0,  consisted  of  nearly  200  different  coirputer 
programs  wlrich  the  user  can  run  directly  through  keyboard  commands,  or  indirectly 
through  menus  and  other  programs.  (Refer  to  the  UJ^CERL  publication  GRASS  3.0 
Programs,^  or  the  GRASS  User’s  Reference  Manual,^  for  current,  verbose  listings 
GRASS  commands.)  These  capabilities  can  be  placed  into  the  following  categories: 

•  Geographic  Analysis 

•  Image  Processing 

•  Map  Display 

•  Data  Input 

Each  categoiy  is  discussed  briefly  below. 


5.3.1.  Geographic  Analysis 

GRASS  provides  several  capabilities  for  map  analysis  and  overly.  Tl^se  inclide 
proximity  analyses,  logical  (and/or/not)  reasoning,  weighted  overiays,  and 
neighboihood  processing.  It  is  this  capability  of  bringing  data  derived  from  satellite 
imagery,  p^r  maps,  and  other  computers  (e.g.,  elevation  data)  together  as  input  to 

'  (femes  Westervelt,  GRASS  3.0  Progmns,  in  GRASS  User’s  Reference  Manual,  by  (femes 
Westervelt,  Michael  Shapiro,  William  D.  Goran,  et  al.,  ADP  Report  N-87/22  (USACERL, 
September  1988). 

^  (femes  Westervelt,  Micliaei  Shsmiro,  Willianj  D.  Goran,  et  al.,  GRASS  User’s  Reference 
Manual.  ADP  Report  N-87/22  (Ua\CERL,  Septerrfcer  1988). 
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some  land  use  question  that  periiaps  best  defines  a  GIS.  Maps  originally  at  different 
scales  ani  resolutions  can  all  provide  data  which  can  be  considered  in  some  analysis. 


5.3.2.  Image  Priooessir^ 

Aerial  images  are  important  data  sources  for  a  GIS.  They  come  in  the  fomi  of 
satellite  images^  and  high  altitude  photography^. 

Raw  images  contain  a  tremendoa^  an^nmt  of  information  GRASS  irrtige  processing 
tools  provide  tv\n  primary  functions  nt-cessary  to  pnpare  data  for  inclusion  in  a 
geographic  information  system 

(1)  Geographic  referencing.  An  image  obtained  by  the  above  methods  is 
planimetric;  i.e.,  a  fcved-iength  line  drawn  an'avix^ra  on  the  image  covers  exactly 
the  same  ground  distance.  Beeaust^}  the  eanh  is  curved,  tlie  ii.iage  must  be 
resampled  so  that  the*  "georcferer'ced"  image  reflects  the  eartli’s  curvature  at  that 
location  and  so  tiiat  the  image  lines  up'  wim  ctiier  existing  maps  in  that  location’ s 
dataset 

(2)  Claaificatio*).  Thiiugh  die-  inviges  inve  suffiient  data  to  provide  the  eye 
with  a  picture  that  looks  realistic,  tliis  infonnation  content  can  be  interpreted  in 
order  to  develop  lard  cover  dasvsifictttions  which  group  areas  that  hav'e  similar 
spectral  properties  into  land  cover  t^-pt^s. 

Finally,  the  resulting  georeferenced  and  ciastified  image  becomes  part  of  a  location’s 
database,  to  be  later  combined  with  elevation  sloptt  ownership,  geology,  and  other 
maps  by  the  user. 


5.3.3.  Map  DLsplity 

GcHigraphic  and  image  pmce.ss'ng  generally  ax]uire  ilxrt  the  operator  ha\-e  a  significant 
amount  of  training  to  ensure  useful  output.  Heixie,  these  tnoLs  are  not  often  oi  interest 
to  tlie  GRASS  novice.  Ifte  most  atinK’tive  and  useful  tools  for  immediate  use  are  the 
image  display  capabiliiies.  GRASS  provides  two  separate  sets  of  image  generation 
capabilities.  One  .set  'die  ci  .ud  !)  uiols'  allows  tixi  user  to  manipulate  th^  display  of 
data  on  tlie  computer  nxinilor,  while  tlie  otiier  (lix'p  aid  P  tools)  enables  users  to 
print  out  paper  ivai'dcopies.  Rich  .-t  i  enhles  users  to  generate  laidscape  images  and 
maps,  fdrrenti},  USAGi’lRi.  .suppKats  tix'  use  of  Kp,son  Genicom,  t:3iinlvo,  aid 
Tektrcrjx  printers  witli  GifASS.  bVei-s  can  also  write  ilieir  ovvm  device  diivers  to 
enable  tlie  use  of  otixa-  pritUenrs  Specific  infonuition  is  available  in  tlxi  GRASS 
Ilanlmu'e  Confi^wxitum  GuideR  aid  from  the  GlbVSS  Infonnation  Center. 


'IR'  riD^t  cofiDiion  an-  {)¥•  I'tutwi  t v\ND.S.\T.  .-ukI  (ii*  Hriicii  SHIF  (xilar 
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'  (.jttXSS  (l;ita  liiis  alwitdy  been  (k‘n\txi  ffnii  NaUoiuu  lEgh  AiiuKie  llijtuga'apiiy  (MeVP) 

[)iT)gnuii  itii;)gi'S. 

'  Ilougli*?  A.  Bmoks,  Mieliael  K  HigjiiL-;.  .uxi  Mai-k  O.  .bluisr>n.  tiYClSS  Ikviiwn' 
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5.3.4  Data  Input 

Perhaps  tte  most  important  computer  programs  in  a  GIS  are  those  that  are  used  to 
capture  data  GRASS  data  is  derived  from  paper  maps,  satellites,  and  other  conputers. 
A  powerful  array  of  programs  for  reading  magnetic  tapes,  manipulaling  raw  data  into  a 
form  usable  within  GRASS,  and  extracting  infonnation,  allows  for  the  production  of 
quality  data  The  GRASS  end  user  will  likely  become  very  familiar  with  the  digitizing 
utilities.  The  processes  of  entering  mapped  data  into  the  computer  must  be  uixlerstood 
at  every  GRASS  installatioii  It  provides  the  user  who  deperxls  on  die  data  with  a 
means  of  keeping  the  data  current 

GRASS  also  provides  an  array  of  programs  which  allow  the  user  to  read  data  in  from 
other  sources.  Common  sources  include  the  digital  line  graph  (DLG)  and  digital 
elevation  models  (DEM)  provided  by  the  United  States  Geological  Survey  (USGS), 
and  the  digital  terrain  elevation  data  (UrED)  provided  by  the  Defense  MEppirig 
Agency  (DMA).  Because  data  development  is  trie  most  expensive  conponent  of 
establishing  any  geographic  infomiation  .‘ystem,  new  programs  are  continuously  under 
developiTXint  to  read  and  translate  data  originally  created  for  other  sy^stems  into  a  form 
usable  by  GRASS. 


5.4  Conpxjters 

GRASS  development  has  been  acconplished  on  a  variety  of  UNIX  macliines.  Written 
primarily  in  the  C  language,  it  also  makes  strong  use  of  UNIX  system  commands. 
UNIX  is  available  on  lUs,  workstations,  minis,  mainfrgxne,  and  super  computers, 
makuig  GRASS  relatively  portable. 

The  conputers  on  which  GRASS  runs  ciin  be  divided  into  t\N’0  categories:  dew.loprnent 
machines,  and  ixtrted  machines.  Development  macliines,  are  those  on  which  new 
progranmiing  code  is  developed.  Fo/ted  machines  are  those  to  which  new  code  is 
merely  ported.  At  USACERl,,  GRASS  pmgramming  is  developed  on  several 
macliine:s.  lieraiive  porting  of  new  code  between  tiiese  machines  ensunts  that  the  same 
cone  compiles  and  runs  on  die  ditTereiil  devdopiTt>nt  macliines.  It  also  helps  make  the 
code  more  portable  overall. 

Difforerx'es  in  the  implementation  of  U.XI.X  on  tlie  vaiious  machines  makes 
pmgraanming  effort  necessary’  in  a  {.loit,  liowever.  Indeed,  even  a  release  of  a  new  and 
"impinved"  conpiler  oficn  nxgnres  tliat  .significant  programming  be  done  on  GRASS 
development  machines.  Machines  otlier  tlian  those  used  for  primary  development  ha\’e 
GRASS  polled  primarily  in  one  clirov'ion,  i.e.,  wlien  iixjdificalioas  are  made  to  tiie 
code  on  these  machines,  they  are  rx>t  necessarily  brought  back  to  the  development 
machines.  Each  GRASS  release  must  be  re- ported  to  taiiget  (ported)  machines.  While 
there  are  no  formal  mechanisms  to  feed  such  modiiicaiions  back  into  the  development 
code,  porters  are  encouraged  to  communicate  changes  back  to  tlie  USACERL  GRASS 
development  group  (so  that  such  clianges  can  be  incorporated  mto  tlie  development 
code). 

('urrently,  GRASS  devt;lopnient  work  at  USAGERI.  is  b'  ing  done  on  a  SUiV’  3/110 
'  S'lTs  <'otr!f)iitiT  coqjoirif]  )!!. 
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ard  a  MAiSSCOMP^  5500.  While  ntiking  GRA.1S8  am  on  other  SUN  or  MASSCX)MI^ 
machines  is  relatively  straighlforw’ard,  some  programming  and  debugging  are  always 
expected.  Some  public  agencies  have  ported  GRASS  to  other  workstations  (e.g.,  the 
AT&T  3B2  and  PC  6300  configurations  of  the  Soil  Conservation  Service,  and  the 
Tektronix  woikstations  used  by  the  National  Park  Service).  Private  fimis  and 
universities  liave  also  done  (or  are  planning  to  do/  otlier  ports.  As  a  growing  sy.s1enx 
the  status  of  woikstation  options  for  GRASS  fret]uently  changes.  Current  information 
on  the  availability  of  GRASS  on  different  computer  platforms,  and  on  distribution  and 
si^jport  policy  for  such  ports,  is  available  from  the  GRASS  Infomiation  Center.  The 
GRASS  Harduan’  Configuratum  Giade^  is  also  regularly  updated  to  provide 
information  on  configuration  options  aid  costs,  and  on  the  status  of  new  ports. 


5.5.  l>;sign  Concept 

GRASS  programs  liave  becoir»e  iricreasingly  nwdulari/ed  and  specialized  over  the 
years.  For  excimple,  (jRASS  programs  can  now  be  readily  iniermbced  with  UNIX 
programs  inside  shell  scripts  (batch  files  or  macros).  While  GRASS  developers  will 
inaintiaiu  tlxi  goal  of  sj’stem  portaloility,  GRASS  useis  should  find  it  increasingly  easv' 
to  mix  GlvXSS  cjipabilities  with  local  proprietaiy  and  nonproprietaiy  software  to 
address  ll«'  specific  needs  of  their  sites,  litis  creation  of  new  programs  by  users  who 
intermix  appropriate  computer  resources  has  been  dubbed  the  "GARDEN"  concept 

This  section  loote  first  at  the  dilferent  levels  of  'itteraction  available  to  the  GRASS 
user.  It  then  explores  tlie  GARDIilN  concept 


5.5.1.  GRASS  Lt^•cLs 

GRA.SS  can  he  inien'ai'ed  at  ;->cvefai  (liflerefit  levels.  Each  of  these  levels  is  defined  by 
llyj  functioas  provided.  Tlx;-  several  distinct  design  aid  inplementation  levels  arc 
de.scribed  bi-low. 

GRASS  Menu  Levd.  I  iist  GRASS  pjlea^s  provided  a  custom  made  menu  interface 
througii  which  th;  rx/vice  and  occasional  user  could  access  all  GRASS  tools.  GRASS 
users  will  riecognizc  tiiis  as  tix;  "gi.'^”  or  "grass"  program.  A  series  of  nxmus  led  tlx 
u.ser  to  f/aAcuUu'  inu-ivetivt;  programs,  in  all  releases  tlmiugh  version  3.0,  nxnus  luive 
been  text  tuxl  keybouid  orienieci.  ilx  GRASS  4.0  release  will  likely  replace  titis  witii 
a  portable  gitiphics  interface^'. 

MAS,S(  '(  /MlMPiip.  iuT  CorroratioiL 

'  IXuiglii'  .MidvK'!  E.  juxl  Maik  O.  -bhnson,  GFiASS  Hardiavv 

(bn/l^ma/ions  Guide.  M)!’ Repoit  N-8ti*.?l  ( I  JS.-\( 'TOL,  1989). 

■'  InvestigaLioiis  c()ivii)cU-<i  :ii;nrig  ItiSs  c-v:iiiiat(xi  the  uaefiilrx''as  of  die  X  Window  grriphic 
inU'ikx'o  It  ..s  piiidic  dorniiin  it'.xi  jioit'iljk'  tuxl  will  allow  a-t-rs  to  oixnate  GRASS 

iLsiiij.;  a  itoiw  or  ixiinlf-r  to  !iX).X.  of  tlx-  pincodsin^  tliroiigh  gnphic  switclx-s,  buttons, 

nx-nu-.  arxi  slide.s.  X  Waixlows  bfc  Ix-on  devolofXHl  Uirough  Boject  AtJvua  at  tlx- 
M/VKK'ha-K-tJs  Iix-litutc  of  P'diirdopy.  'Ox-  X  Window  SysU'-m  ip  a  tnxienvirk  of  tlx- 
M/Ls.-;jx'iuw‘tto  Iixsiitut/-  of  Ttvlnxdo^^y. 


Gx  An  (ntnxlurtinn  tn  GItASS  GIS  Software 


-38- 


-38- 


Interactive  LeveL  The  user  who  finds  the  "Menu  Level"  too  cumbersome  and 
restrictive  can  access  interactive  GRASS  programs  more  directly  by  running  the 
commands  "GIS"  or  "GRASS".  A  standard  UNIX  shell  then  prompts  the  user  for  the 
GRASS  (or  UNIX)  command  that  will  be  run.  These  tools  defin^  the  heart  of  the 
system  in  tte  GRASS  1.0  release.  Each  tool  (program)  prompted  the  user  for 
information,  and  then  operated  on  the  data  based  on  the  user-provided  commands.  By 
GRASS  version  3.0,  the  user  prompting  and  data  analysis  functions  were  split 
(invisibly  to  the  user)  into  two  separate  utilities.  The  data  analysis  programs  formed 
the  next  (command)  level. 

Ccxnmand  Levd.  Command  level  programs  were  introduced  in  GRASS  2.0.  For  the 
most  part,  these  programs  are  not  interactive.  Instead,  they  take  all  inputs  either  from 
an  input  stream  or  (more  commonly)  from  the  command  line.  These  programs  provide 
a  new  high-level  GRASS  programming  environment  Used  in  cor^' unction  witii  other 
capabilities,  this  level  permits  die  development  of  very  powerful  land  analysis  models. 
Such  models  will  make  GRASS  mors  immediately  useful  to  new  users.  Well  designed 
models  and  analj^s  instructions  will  allow  users  to  address  land  use  plarmirtg 
decisiore  that  require  expertise  in  unfamiliar  fields. 

Development  of  command  level  GRASS  programs  is  encouraged,  and  must  be  done  in 
conjunction  with  the  USACERL  GRASS  development  staff.  If  the  code  is  portable, 
general,  and  withstands  user  abuse,  USACERL  may  include  it  in  future  GRASS 
releases. 

Libraries  Level  Ust-re  interested  in  more  analysis  flaxibiUty  are  pmvided  with  a  set 
of  libraries  with  a  C  binding  that  provide  interfaces  to  GRASS  data,  users,  and 
graphics.  Using  these  libraries,  programmers  can  develop  aixl  modify  interactive  and 
commard  level  utilities.  USACERL  programmers  continue  to  assume  responsibility 
for  these  libraries  and  the  data  fomiats  they  access. 

Data  Levd.  GRASS  data  formats  currently  accommodate  both  raster  and  vector  (arc- 
node)  geographic  information.  Again,  USACERJ^  assumes  responsibility  for  these 
formats.  As  more  i^)propriate  data  compression  schemes  are  developed,  the  data  will 
continue  to  undergo  fundanrental  modification.  It  is  highly  recommended  that  the  user 
community  not  access  data  directly. 


5.5.2.  GARDEN  CosKxpt 

llxi  new  level  in  ilx*  GRASS  hierarchy  has  been  dubbed  the  "GARDEN"  concept 
rJiLSt  as  one  can  put  together  many  salads  using  items  in  a  vegetable  garden  it  is 
possible  to  pick  and  choose  from  a  huge  as.sortment  of  computer  programs  in  the 
analysis  of  data  GRASS  provides  only  .some  of  the  items  to  choose  from;  the  others 
are  the  stardard  programs  provided  with  tire  operating  ^stem  whicli  may  also  include 
other  proprietary  ard  nonproprietary  software  to  help  the  user.  The  computer  garden 
provides  limitless  opportunities  to  combine  various  programs.  WhUe  one  might  mix 
GRASS  with  a  dat^aso  management  ;^stetu  (DBMS)  and  a  report  writer  to  assist  the 
environmental  manager  to  keep  track  of  oil  spill  sites,  another  would  mix  GRASS  with 
a  statistics  package,  a  voice  recognition  system,  a  natuiul  language  interface,  ard  a 
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DBMS  to  allow  voice  query  of  a  forest  management  system. 

At  the  GARDEN  level,  GRASS  can  remain  a  solid  package  of  geographic  information 
system  programs  which  provide  the  horsepower  to  drive  a  changing  series  of  user 
interfaces  and  a  growiirg  array  of  other  computer  programs. 

At  the  time  of  this  writing,  work  was  underway  through  USACERL  to  create  an 
applications  generator  that  would  allow  a  systems  analyst  to  conirine  GRASS,  UNIX, 
and  other  computer  programs  into  a  task-specific  product  It  is  projected  that  many 
different  applications  wiU  be  created  over  the  comirrg  years. 

Such  models  can  be  very  specific  to  a  given  set  of  softw'aro.  While  one  database 
management  system  (DBMS)  is  used  on  one  machine,  a  different  DBMS  may  be  used 
on  another  machine.  The  GARDEIN  utilities  developed  on  these  rr/achines  will  use 
software  familiar  to  the  user  comminiity. 
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Chapters 

Evahiaticn  Criteria  for  GRASS  WcM^istation  Selection 


GRASS  softwary  has  been  ported  to  several  different  corrpuiers,  and  is  being 
ported  to  rnyriai  others.  This  chapter  offers  those  acquiring  GRASS  a  set  of 
criteria  for  evaluating  the  many  hardware  options  available,  and  de.scribes 
sources  of  existing  irformatioa 


6.1.  Background 

GRASS  was  designed  to  be  widely  portable  amopg  computers;  it  is  written  in  C,  and 
runs  on  ths  UNIX  operating  system.  Usually,  GRASS  code  can  be  conpiled  on  a  new 
computer  with  only  one  or  two  days’  eiTort  However,  it  takes  a  much  longer  time  to 
write  and  test  a  driver  for  a  new  graphics  display  device.  Often,  the  entire  process  of 
moving  GRASS  softw^ate  to  a  new  computer  requires  six  to  ten  months  and  includes 
the  entire  process  of  (1)  hardware  selection  arxl  acquisition,  (2)  compiling  GRASS 
code,  (3)  writing  new  graphic  drivers,  (4)  testing  and  refining  these  drivers,  l5)  testing 
peripheral  devices  and  connections,  (6)  providing  initial  configuration  guidance  for 
potential  beta  test  sites  and  users,  (7)  testiirg  all  peripherals,  (8)  writirg  new  GRASS 
installation  instructions  specific  to  the  rrew  device,  (9)  arranging  for  and  coordinating 
beta  testirig,  (10)  completing  charges  required  after  the  beta  test,  and  (11)  further 
testing  and  describing  configuration  optioas.  It  takes  many  months  and  a  significant 
dollar  investment  to  turn  potential  Irost  candidates  for  GRASS  into  computers  which 
fully  support  GRASS. 

To  define  current  and  candidate  hosts  and  peripherals  for  GRASS,  USACERL 
maintains  the  GRASS  Hardware  Configurations  Guide}  This  document 

(1)  descriltes  essential  and  optional  hardwans  components  for 
GRASS. 

(2)  identifies  workstations  that  have  completed  alpha  testing^  but  await 
completion  of  beta  testing,^  and 

(3)  identifies  wortetations  and  peripherals  that  have  successfully  completed  beta 
testing,  fully  .support  GRASS,  and  for  which  one  or  more  distribution  and  sipport 
agencies  are  available. 

At  any  point  in  time,  there  are  usually  several  new  computers,  digitizers,  and/or 
printers  being  evaluated  or  tested  as  possible  new  liardware  options  for  GRASS.  Thus, 

'  Douglas  A.  Brooks,  Michael  E  Higgins,  and  Mark  O.  Johnson,  GRASS  Hco'dware 
Coufjgwxitioiis  Guide,  ADP  Report  N  89/21  (USACERI.^  March  1989). 

‘  Alpha-testing  is  initial  in-house  testirig,  commonly  done  by  the  developers  of  a  port,  driver, 
etc. 

^  Beta-tcstirg  is  secondary,  independent  testing  prformed  out-of-house.  Before  hardware  is 
added  to  the  GRA!S  Harduare  Configuratious  Giade  (Douglas  A.  Brooks,  Michael  E  Hggins, 
and  Mark  O.  Johnson,  ADP  Report  N-S9''21  (tiSACEKL,  March  1989|),  it  must  either  be 
undeiiroing,  or  have  satisfied,  beta-testing  regirirements  stated  in  the  document  Tksdrg 
Guidelines  for  GRASS  Ports  and  Drivers  (William  D.  (Soran,  ADP  Report  N-89/22 
lUSACERI.,,  Jhnuaiy  1989)). 
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this  configuration  guide  is  a  very  dynamic  document  To  eneure  that  users  have  the 
latest  veraon  of  this  guide,  each  revision  is  dated.  The  GRASS  Information  Center 
(217)  373-7220  or  (800)  USACEKL,  extension  220  can  provide  information  on  the 
date  of  the  most  recent  version  of  the  GRASS  Hardmare  Configurations  Guide.  This 
guide  is  a  logical  starting  point  for  evaluating  the  options  for  selecting  GRASS 
workstations. 


6.2.  Evaluative  Criteria 

FYom  a  user' s  point  of  view,  it  is  a  great  advantage  to  have  so  many  hardvrare  choices. 
On  the  other  hand,  it  is  difficult  to  make  an  informed  decision  from  the  large  number 
of  choices  available,  and  it  is  very  difficult  for  one  agerry  or  organization  to  siqiport 
users  on  every  possible  GRASS  workstation  configuration  As  the  hardware  choices 
expand,  both  selection  and  siqiport  become  increasingly  difficult 

To  address  tiks  issue,  USACERL  has  developed  a  set  of  evaluative  criteria  All  of 
these  criteria  are  important  but  some  more  than  others.  Because  the  importance  of 
one  evaluative  element  over  anotiier  will  vary  amorig  users,  criteria  are  not  weighted. 
When  considering  these  criteria,  we  suggest  using  a  matrix,  with  evaluative  elements 
along  one  axis,  and  hardware  options  along  the  other  axis  (see  Table  6.1  [p  46]). 
Hardware  options  are  constantiy  changing,  and  marry  of  tire  evaluative  elements  (such 
as  cost  and  availability)  also  frequently  change.  Before  a  final  selection  is  made, 
hardware  vendors  should  be  contacted  to  confirm  price  and  configuration  information, 
and  GIS  siqrport  organizations  should  be  contacted  to  confirm  elements  in  the  selection 
process.  Suggested  hardware  evaluation  criteria  are  as  follows: 

•  Cost 

•  Annual  Maintenance  Cost 

•  Performance 

•  Upgrade  Potential 

•  Acquisition  Options 

•  X  Wirxiows  Implementation 

•  Hardware  Support  Requirements 

•  Status  of  GRASS  on  tliis  Computer 

•  A.vailability 

•  Configuration  Options 

•  Operating  %stem  Options  and  Limits 

•  Networking  Options 

•  GRASS  Software  Support  Options 

•  Peripheral  Limits 

•  User  Agency  or  Site  "Standards" 

•  GRASS  IJnked  Software  Availability 

•  Other  3rd  Rirty  Software 
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&2.1.  Cost 

Cost  is  always  an  inportant  consideration,  but  is  not  always  ea^  to  con5)are  between 
systems.  Vendors  configure  ^sterns  differently,  and  this  can  make  it  difficult  to 
directly  compare  different  worisstation  alternatives.  Generally,  higher  costs  reflect 
higher  perfomiance,  greater  growth  cspacity,  or  some  other  inportant  value.  But  costs 
are  skewed  by  the  marketplace,  and  vendors  with  high  sales  volumes  may  be  able  to 
offer  equal  value  at  a  lower  price.  Thus,  300  megabytes  of  disk  on  a  386 
microcoirputer  may  cost  less  than  the  same  300  megabytes  of  disk  on  a  super-mini 
computer. 

Hardware  costs  are  often  the  most  important  evaluative  criteria  for  users.  While  budget 
often  limits  hardware  choices,  because  of  their  large,  initial  expense,  any  system  will 
likely  need  replacement  in  only  a  few  years.  Factors  other  than  cost  may  prove  to  be 
more  inportant  during  the  life  of  the  ^stem. 


6.2.2.  Perfimnance 

Here,  performance  refers  to  how  well  GRASS  software  runs  on  specific  hardware. 
This  is  r¥)w  measured  by  running  a  suite  of  berxhmarks,  published  periodically  in  the 
newsletter  GRASSClippings.  Another  document,  entitled  Guidelines  for  Running 
GRASS  Benchnicu'ks,  describes  the  procedures  used  to  conduct  these  tests.  Because 
these  benchmarks  are  generally  derived  using  a  single  machine,  however,  readers  are 
warned  that  results  may  vary  among  users. 

Despite  potential  variations,  benchmark  results  provide  a  valuable  and  easily 
comparable  criterion  for  distinguishing  machine  performance.  Essentially,  these  values 
identify  how  long  it  takes  the  computer  to  perfomi  specific  GRASS  tasks.  Users  are 
invited  to  submit  their  own  benchmark  test  results  to  USACERL,  in  order  to  refine 
published  values  and  ensure  greater  accuracy. 


6.2.3.  L^jgirade  Pdterrtial 

Some  computers  have  significant  limits  regarding  die  new  peripherals,  boards,  and 
power  requirements  that  can  be  added  in  the  future.  For  example,  the  Sun  3/110  has 
only  a  few  open  slots  on  its  bus.  A  standard  GRASS  system  with  peripherals  may  fill 
aU  of  these  slots.  If  all  the  slots  on  the  bus  are  filled,  the  workstation  essentially  has 
no  ipgrade  potential.  However,  almost  all  workstations  can  be  networked  to  other 
computers;  thus,  some  upgndes  to  a  GRASS  worl^station  may  be  achieved  tlirough 
networking  and  sliaring  resources  along  a  network. 

Some  specific  areas  of  concern  with  upgrade  potential  iixlude:  (1)  number  of  slots  on 
the  bus,  (2)  power  supply,  (3)  serial  and  other  connecting  ports,  (4)  nine-track  tepe 
drives,  and  (5)  networking  configuration  options.  Each  of  these  should  be  considered 
for  specific  workstations. 

*'  Marit  -bhnson,  Giddelirws  for  Riaviiiig  G/iASS  Benchmarks.  Tcclinical  Manuscript  N-89/23 
(USACt^lL,  Februaiy  19891. 
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6.2.4.  Aoqinshicn  Ccnsdraints 

In  some  cases,  configuration  choices  are  limited  to  hardware  that  can  be  acquired 
through  some  special  contract,  or  which  meets  some  other  agency  or  organization 
criteria  These  types  of  constraints  often  limit  government  agencies,  and  can  become 
die  primary  criterion  in  hardware  selection 

Ram  the  government  perspective,  there  are  three  primary  mechanisms  for  hardware 
acquisition  open-ended  contracts  (sush  as  tiie  Corps  of  Engineers  award  for 
Intergraph  CADD  equipment,  or  the  Soil  Conservation  Service  award  to  EDS  for 
office  automation),  GSA  schedules,  and  open  conpetitive  bidding.  Each  method  has 
advantages  and  disadvantages.  Sometimes,  an  open-ended  contract  limits  an  agenc^  s 
ability  to  acquire  ary  other  type  of  coirputer  equipment,  if  the  function  of  the  desired 
equipment  could  be  fulfilled  by  equipment  off  the  contract  This  can  cause  problems 
for  agency  offices  that  would  rather  use  less  expensive  equipment  or  have  some 
specialized  software  need  that  cannot  be  easily  addressed  through  the  open-ended 
contract  On  the  other  hand,  since  the.se  contracts  have  already  been  competitively  bid 
and  awarded,  acquisition  of  contrac't  equipment  is  usually  a  much  easier  process  than 
acquisition  of  similar  noncontract  equipment 

At  this  point  no  special  contract  has  been  established  for  the  purchase  of  GIS 
equipment  in  the  Armj-  or  the  Corps  of  f>igineers,  but  some  woricstations  that  will 
sipport  GRASS  can  be  acquired  from  the  Intergraph  CADD  contract 

The  Government  Services  Administration  (GSA)  negotiates  contracts  with  vendors  for 
equipment  at  some  specific  discount  Once  a  contract  is  negotiated,  the  vendor  will 
publish  a  schedule,  identifying  all  available  items,  prices,  discounts,  and  tenns.  Since 
this  negotiated  price  is  presumed  to  be  competitive  with  maiirelplace  prices,  hardware 
items  listed  on  a  vendor' s  GSA  schedule  can  be  acquired  through  these  GSA  contracts 
without  competitive  biddirig  from  numerous  vendors.  However,  if  the  total  dollar 
value  of  a  (^ISA  purchase  exceeds  certain  limits,  then  a  purchase  must  be  announced  in 
Commerce  Business  Daily  and  otlier  vendors  are  allowed  to  submit  conpeting 
proposals  to  meet  the  pinrhase  requirements. 

Alnx»st  all  of  the  workstations  that  support  GRASS  are  available  through  GSA 
contracts.  However,  the  number  of  configurations  available  may  be  more  limited  than 
on  the  open  marketplace,  and  the  prices  are  "fixed"  by  the  schedule,  for  the  duration  of 
the  contract,  even  if  marketplace  prices  are  lower. 

Open  conpetitive  purchases  have  several  advantages.  However,  specifications  for  such 
purchases  need  to  be  well  written  Small  omissions  from  .specifications,  or  lack  of 
clarity,  can  resait  in  severe  problems.  Tliis  process  is  often  very  time  consuming;  if 
the  value  of  the  equipment  is  high  and  many  vendors  submit  bids,  bid  evaluation  can 
become  a  lengthy  process. 


6.2.5.  X  Windows  lniptexnentati<xi 

X  Windows  is  a  user  and  graphics  interface  language  that  runs  on  most  of  the  same 
computers  that  support  GRASS.  Po.sl-3. 1  ix'leases  of  GRASS  will  take  advantage  of 
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the  features  offered  by  the  X  language.  Because  so  many  software  packages  will  be 
using  X,  almost  all  vendors  with  UNIX  computers  plan  to  siqrport  it  However, 
considerable  effort  is  required  by  vendors  to  implement  X,  and  some  vendors’  plans  to 
siqrport  X  may  be  delayed  or  cancelled.  Further,  some  implementations  of  X  may 
prove  troublesome  for  GRASS.  Thus,  some  information  about  the  status  of  X  on  each 
potential  workstation  is  relevant  when  selecting  a  coirputer  on  which  to  run  GRASS. 


6.2.6.  Hardware  Sui^x»i:  Requmenicnts 

For  many  GRASS  workstations  (e.g.,  those  made  by  Sun,  MASSCOMP  [aka 
Concurrent  Computer  Corporation],  etc.),  one  vendor  can  pro'/ide  nearly  all  of  the 
elements  a  user  will  require,  arxl  will  offer  support  contracts  to  maintain  and  i5)date 
these  computers. 


6.3.  Current  Chmoes 

The  following  list  includes  only  those  conputers  and  workstations  that  fuUy  support 
GRASS  or  are  currently  undergoing  beta  testing.  Where  machine  series  are  listed,  all 
machines  in  the  series  are  capable  of  supporting  GRASS  (e.g.,  the  MASSCOMP  5000 
series  actually  irxiudes  seven  or  eight  different  models  of  machines,  aU  of  which  can 
sr:pport  GRASS).  Although  this  was  done  to  simplify  the  evaluation  process,  it  may 
be  desirable  in  further  iterations  of  this  evaluation  process  to  split  out  different 
workstations  within  a  series. 

The  choices  at  present  (M£y/1989)  include; 

•  Masscomp  (Concurrent)  5000  Series 

•  Masscomp  (Concurrent)  6000  Series 

•  Sun  3  Series 

•  Sun  4  Series 

•  Sun  386i  Series 

•  Silicon  Graphics  IRIS  4D20 

•  Intergraph  Interpro  Series 

•  Apple  Macintosh  n  Series 

•  P(3  Compaq  386  (Micro port  UNIX) 

•  PC  386  (Interactive  UNIX) 

•  AT&T  386 

•  AT&T  3B2  Series 

•  Hewlett  Packard  9000 

•  IBMRT 

Two  other  machines,  the  Tektronix  workstation  series  and  the  Dell  386,  may  be  added 
to  this  list  shortly,  but  are  not  yet  ready  to  undergo  beta  testing. 
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6.1:  E^valuation  Criteria  for  GRASS  Woristation  Opdons 
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Chapter  7 

Staffing  and  Training  Reqinreniex^ 

A  iregor  concern  in  inplementing  a  GIS  is  staffing.  Several  of  the  tasks 
required  to  initiate,  use  and  mantain  a  GIS  involve  an  extensive  conmitnient 
of  personnel,  niis  commitment  is  critical  for  the  successful  initiation  and 
ongoing  use  of  GIS  technology. 


7.1.  Introducticn 

Often  on  militaiy  installations,  there  are  already  more  work  requirements  than 
personnel  to  fulfill  these  requirements.  Thus,  a  new  technology  that  brings  additional 
wotk  requirements  just  stretches  limited  staff.  To  reduce  staffing  requiremerrts,  certain 
tasks  can  be  contracted,  such  as  preparing  complicated  nr^  layers  for  the  database  or 
maintaining  the  hardware.  No  matter  how  many  tasks  are  fulfilled  by  contractors, 
however,  the  implementation  of  a  GIS  on  an  installation  requires  a  considerable  staff 
time  commitment,  if  only  for  plarmir^  and  coordination  efforts. 

The  advantages  of  having  a  GIS  workstation  cn-site  must  be  weighed  against  this 
commitment  of  orvate  staff  resources.  If  adequate  staff  time  carmot  be  aUocated  for 
key  tasks,  such  as  learning  and  using  the  softw'are,  verifying  the  timeliness  and 
accuracy  of  critical  data  elements,  ard  maintairring  the  computer  and  peripherals,  then 
it  would  be  wiser  not  to  implement  an  on-ate  GIS.  There  are  other  ways  to  use  GIS 
technology  (such  as  having  GIS  ^plic^ons  performed  by  a  Corps  district,  Corps 
laboratory,  or  contractor),  and  these  alternatives  avoid  many  of  the  staffing 
requirements  for  an  orvsite  GIS  workstation 

Staffing  requirements  can  be  examined  to  determine  both  the  need  for  new  personnel 
and  the  specific  tasks  they  will  perform  Below,  staffing  is  divided  into  the  specific 
task  areas  associated  with  GIS  implementation  The  skills  needed  to  perform  each  of 
these  tasks  m^  be  provided  by  several  individuals,  or  as  few  as  two  iirdividuals  on  an 
installation  The  number  of  individuals  needed  to  perform  the  described  tasks  on  any 
given  installation  will  depend  upon  how  well  the  areas  of  expertise  held  by  existing 
installation  personnel  mesh  with  GIS-related  tasks,  how  easily  new  personnel  can  be 
acquired,  what  specific  GIS  analyses  the  installation  plans  to  conduct  and  other 
factors. 


7.2.  i^redfic  Task  Areas 

The  types  of  tasks  associated  witli  GIS  implementation  can  be  grouped  into  ttese  "sldll 
areas:" 


•  GIS  coordination 

•  GIS  analysis 

•  Data  management 

•  Cartography/digitizirig 
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•  Systems  maonagement 

•  Software  integration 

With  a  laige  GIS  (multiple  woikstations,  many  different  users  and  frequent 
applications),  these  various  task  groiq)ings  might  each  be  performed  by  a  different 
person  or  persons.  But  for  smaller  systems,  many  of  these  tasks  will  likely  be 
combLn"  ■  into  a  single  job.  If  you  start  with  a  smaller  system,  and  ttie  number  of 
woikstEuons  arxl  applications  increases,  then  it  might  be  appropriate  to  assign  one 
person  to  each  functional  area;  however,  some  overly  in  fimctiors  is  always  likely  to 
occur,  given  the  unique  capdoilities,  interests,  and  requirements  of  the  GIS  users  at 
each  site. 

In  terms  of  personnel,  implementing  a  GIS  on  a  militaty  installation  minimally 
requires  a  GIS  Coordinator  to  plan  for  and  coordinate  the  use  of  the  GIS,  and  a 
software  expert  performir^  applications  and  assisting  others  to  perform  ^plications. 
At  least  tw'o  persons  knowledgeable  shout  the  technology  should  be  on-site  and  be 
capable  of  performing  applications. 

Once  established,  the  critical  element  to  sustain  an  on-site  system  is  often  the  hardware 
system  management  Someone  needs  to  know  how  to  connect  cables,  create  logins, 
perform  backups,  and  diagnose  problems.  On  most  installations,  support  elements 
(e.g.,  the  Directorate  of  [nformation  Management  [DOM])  provide  some  maintenance 
stpport  for  the  computer  and  peripherals  (provided  DOIM  was  involved  in  the 
acquisition  of  these  items),  but  certain  hardware  maintenance  tasks  are  best  performed 
on  a  regular  basis  by  someone  at  the  same  location  as  the  equipment  GIS  Siystem 
Management  tasks  may  therefore  demand  tliat  a  third  person  be  obtained  from  existing 
staff  or  elsewhere. 

The  hybrid  position  of  GRASS  ^sterns  manager/GIS  analyst  might  be  fiUed  using 
eitiier  of  several  different  hiring  mechanisms.  For  example,  this  position  might  be 
contracted  for  through  the  Intergovernmental  Procedures  Act  (ERA).  Alternately,  it 
might  be  filled  as  a  U.S.  civil  service  post  Each  of  these  hirirrg  metliods  inplies 
different  obligations  by  enployees  and  enployers,  and  has  various  advantages  and 
disadvantages.  ERA  employees  are  permanent,  full-time  staff  of  other  governmental 
agencies  (such  as  state  universties),  who  are  temporarily  loaned  to  the  federal 
government  for  a  limited  period  of  time,  extendable  to  tp  to  four  years.  Per^rnnel 
hired  through  ERA  agreements  maintain  the  employee  benefits  granted  by  the  lending 
institution  (e.g.,  by  the  university).  In  contrast,  civil  service  employees  obtain  all  of 
the  benefits  associated  with  federal  civil  service. 

It  is  assumed  that  the  position  of  GIS  Coordinator  will  be  filled  by  a  permanent 
government  employee  already  working  at  the  site.  Although,  for  example,  an 
individual  able  to  perform  many  of  the  tasks  required  of  the  GIS  analyst,  data 
manager,  and  systems  manager  (and  some  of  those  required  of  the 
cartographer/digitizer  and  software  integrator),  might  be  sought  tiiis  is  only  an 
example,  suited  to  a  scenario  in  w'hich  only  one  position  (in  addition  to  that  of  GIS 
Coordinator)  will  be  filled  at  an  implementation  site.  The  nature  of  the  positions  fiEed 
will  be  specific  to  the  needs  of  the  implementation  site. 
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^)ecific  areas  of  expertise  needed  to  implement  an  installation  GIS  are  described 
below,  arxl  should  be  viewed  in  the  context  of  the  entire  GIS  Implementation  process, 
as  depicted  in  Figure  2.1  [p  4]. 


7.2.1.  GIS  Cocrdinatian 

When  a  GIS  is  first  considered,  one  person,  already  on  staff,  should  be  appointed  GIS 
Coordinator.  This  position  is  criticiil  to  the  evaluation  of  GIS  technology  for  an 
installation  and  to  the  succes.sful  coordination  and  mainlenaixe  of  this  technology  both 
on  and  off  tl^  installation  Specific  taslcs  for  tlx?  GIS  (toordinator  include: 

•  Developing  the  installation  GIS  needs  (potential  returns  on  investment) 
evaluation 

•  Developing/adapting  the  GIS  Implementation  Httn  for  the  installation 

•  Coordinating  GIS  plans  between  various  organizations  on  post 

•  Insuring  that  DGIM  (or  counterpart)  reviews/ approves  the  hardware  selection 
and  acquisition 

•  Insuring  that  DOOM  (or  counterpart)  will  suppiirt  hardware 

•  IVjviding  input  to  Amiy  GIS  Sieenng  and/or  Technical  Advisory  Groups 

•  Insuring  diat  physical  space,  electrical  power,  and  environmental  ret}iiirements 
for  computer  liardwure  are  nxit 

•  Participating  in  local  and/or  regional  GIS  user  and  data  sharing  groups 

•  Insuring  that  issues  involving  data  staixlards,  and  tlie  sharing,  updating,  and 
ownership  of  data  are  addressed  aixl  coordinated  among  aU  users 

•  Insuring  tliat  GIS  hardw'are  will  be  linked  to  appropriate  networks  to  support 
user  requirements 

•  Insuring  tliat  GIS  data  ctin  be  exchanged  witli  CAD,  AM/FM  and  otlier  users 
as  needed  to  support  installation  reviuircmento 

The  GIS  Coordirtrtor  slxruld  be  a  pennaneni  instailation  employee,  with  adequate 
status  and  authority  to  accomplish  these  tasks.  Ideally,  this  person  will  be  familiar 
with  the  organization  and  procedures  of  the  diderent  instollation  elements  that  may  be 
GIS  users-saich  as  the  land  managers,  ntisler  planners,  range  managers,  environmental 
planners,  tind  Utiirx;rs.  This  coordinilor  sliould  alreaiy  be  familiar  with  GIS 
teclinology'  and  potential  applications  at  thc'  instalkilion.  If  not,  tlie  coordimtor  should 
be  provided  opp^ritunities  to  learn  about  CIS,  ;ind  to  examine  the  ways  in  w'hich  other 
military  installatioas  use  this  technology-. 

Then  the  GIS  Coordinator  sliouid  develop  a  GIS  implementation  plan  for  tie 
installation  that  considers  erreh  potential  installation  GIS  user.  This  plan  should 
initially  identify  the  potential  costs  cind  Irenefits  of  thtj  GIS,  wlietJier  the  system  should 
be  implenented  on-site,  and  whether  specific  explications  should  be  planned. 
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7.2.2.  GIS  Analysis 

GIS  Analysis  must  be  provided  on  the  installatioa  Necessary  GIS  Analysis  skills 
ii¥;lude  kr»wledge  of  the  use  of  GIS  and  UNIX  software  needed  to  perform  GIS 
analyses,  ar^i  optimally,  expertise  in  one  or  more  of  the  GIS  application  areas  relevant 
to  tte  installation’s  interded  analyses  (e.g.,  rratural  or  cultural  resource  management, 
eriviroriinerTtal  planning  or  engineering,  master  planning,  forestry,  rarge  scheduling). 
However,  since  the  potential  tqrplications  of  a  GIS  extend  to  marry  areas,  these  will 
likely  exceed  the  expertise  of  any  single  epplications/software  ex^pert 

Wlether  current  staff  member  or  new  Irite,  whoever  pro\ides  these  skills  should  ha'/e 
adequate  training.  While  formal  software  training  courses  are  useful  and 
recommended,  nxrst  persons  require  several  monti'is  to  becorre  proficient  in  the  use  of 
GIS  software.  If  GIS  Analysis  skills  are  to  be  provided  by  someone  newly  hired  for 
the  purpose,  ti^  position  description  sfiould  teqifte  at  least  one  yearns  experience  witii 
son^  GIS.  Although  it  is  rot  necessary  that  a  potential  candidate  be  famfliar  with 
GRASS,  persons  familiar  with  other  GlS's  should  be  prodded  an  opportunity  to 
receive  formal  GRASS  trainiig. 

WTioever  proddes  these  skills  will  perform  analyses  using  do  GIS.  They  must 
structure  the  preparation  of  data  (or  instruct  others  to  do  sol  to  be  compatible  with 
.subsequent  GIS  analysis,  .Analysts  with  sufficient  expertise  can  also  prepare  "macros" 
or  "interfaces"  that  support  specific,  repeated  applications  for  different  users.  How  the 
analyst  serves  installation  GIS  users  will  depend  on  the  size  and  diveraty  of  the  user 
community,  and  the  skills,  interests  and  time  availability  of  other  users.  Ideally,  the 
GIS  Analyst  slould  help  otiors  perform  analyses  so  thrat  many  users  acquire  GIS 
softw^aie  expertise.  Tlo  analyst  will  also  wiite  rocessary  contracts  to  enhance  existing 
softw'are. 

Tasks  associated  with  tltis  sldJi  area  include; 


•  Ijeaming  the  capabilities  and  potential  applications  of  the  software 

•  Installing;’  rK'u-  \-ersions  of  tlx.-  .srrftware,  arxl  leimring  tlie  new  capabilities  of 
these  irjxlcitod  ven-:!OR< 

•  Helping’  otix^rs  U)  urxdersiand  tlx*  capabilities  of  the  software,  so  that  they  can 
conceptualize  appLicatiott^  relevant  to  ihdr  needs 

•  Parti ci Pelting’  in  hllS  fon;tn;-e  isuch  regional  agency  data  exchange  and 
application  rucetirgs) 

•  Identifying  additional  software  rxqiritenxnts  needed  for  specific  applications 

•  Assi.sting  GLS  users  in  pivparitg  for  and  running  applicatioas 

•  Insuring  that  the  computer  ry'stem  is  func’tionirg  properly  and  reportirg  any 
problems  to  System  Manager  (or  fixirg  the  problem) 

•  Creating  applications  intijrfaces  ( usirg  the  GRASS  application  generator)  for 
users  with  specific,  repeated  appUcatioas 

•  Recordirg  and  documenli’v  software  usege,  and  the  types  and  frequency  of 
applications,  as  an  aid  to  fitiure  users  and  for  users  at  other  installations 
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7.2.3.  Data  Managatient 

Geographic  data  is  often  needed  and  used  in  different  offices  by  different  softw-are  for 
different  purposes.  To  gather,  develop,  distribute,  and  "globally"  update  such  data 
would  be  convenient  and  economicaliy  wise. 

Data  Management  skills  include  helping  to  establisii  and  maintain  standards  for  data 
quality,  maximizing  data  sharing  between  users,  identifying  and  resolving  data 
exchange  issues,  and  integrating  GIS  technology  into  the  installation’ s  data  gathering 
and  hardling  procc-dures.  Like  the  GIS  Coordinator,  whoever  provides  Data 
Management  skills  will  need  adequate  status  and  authority  to  accomplish  tliese  tasks. 
Purtier,  tiie  individual  acting  as  Data  Mariager  should  be  familiar  with  the  way  that 
data  is  gathered,  verified,  used,  shared  and  reported  by  potential  GIS  users  on  tlie 
installatioa 

Tl^  Data  Manager  can  yield  Ueinendous  cost  savings,  by  effectively  coordinating  data 
.sharing  between  users,  and  by  ie.siructunng  Aifci  gat/iering'  opt'tatiore  lo  maximize  the 
use  of  digital  techrudogies.  For  exoauple,  when  pi-jowgrapiy  is  flown  for  the 
installation,  the  Data  Mariager  shoiiir';  insure  ttiat  direct  digital  products  are  derived 
from  this  pnf  tograpiiy,  and  fet  Lite  nequirerncncs  fov  these  products  are  reviewed  by  all 
potential  users. 

The  development  of  GLS  data  layers  car  oe  a  very  time  consuming  and  demanding 
task.  Oftea  much  ^f  this  work  is  dote  off-site  by  a  Corps  district,  lab,  or  contractor. 
However,  even  when  the  actual  digiti2ing  and/or  scanning  is  done  by  contract,  staff  at 
the  installation  mast  first  identify  data  needs,  nenitor  the  data  acquisition  and 
interpretation  effon.s.  verify  data  accuracy  and  sources,  and  evaluate  the  data  layers 
when  tley  aje  completed.  In  addition,  sone  dnta  elements  are  dynamic,  and  it  may  be 
more  efficient  to  up<uitc  some  of  tiese  ckrto.  eienents  on-site.  The  Data  Manager 
should  Imow  the  availrible  sources  of  date  airi  insure  that  data  is  developed  to  best  fit 
the  needs  of  ii>e  intended  application' .sj.  I’Ik;  Utsks  associated  witir  Data  Management 
include; 

•  Msuiijlidiit-ig  in.siallaticm  staidards  for  verifying  dafei  accuracy  and 
dvjcunxmtiiig  data  wun'cs 

•  blstiiblisliing  x'.  orlong  procedures  I'or  "owiXTrsliip"  of  specific  data  layers,  anel 
,'rifoing  (;f  liv-.se  layers  bttwe'cn  asets 

•  Determining  raiuireaxmls  for  sharing  drrta  betwte'n  tire-  installation  and 
siimruixling  agencie.s  >e.g.,  local  S>ii  Conrervation  Service  office') 

•  Identifying  procedures  for  updating  data  ek.nxmls,  and  testing  and  reviewing 
iliese  procedures  (specific  to  errhi  data  type) 

•  Ixraming  about  thie  virrious  available  data  sources,  iuxl  lielping  to  determine 
which  soun-e.s  will  meet  uirtallalion  need.s 

•  Identifying  ways  in  which  pre-digital  datii  fomis  on  the  installation  might  be 
converted  to  digital  fomis.  aixi  identifying  potential  cost  servings  resulting 
fnrm  this  conversion 

•  Hriping  coordinate  GAD,  AM/FM  aid  GLS  datir  rci]uircnxrnls  to  inavimiz.c 
valu(“  of  installation  data  inve.stment 
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7.2.4  Cartograpdhcy/EMgitizai^ 

Cartography  and  digitiziiig  skills  will  be  needed  if  any  digital  map  lajyers  are  to  be 
created  or  updated  oivsite.  A  person  wlio  has  data  irput  responsibilities  share 
time  between  GIS  and  CAD  and/or  AM/FM  systems,  and  provide  these  skills. 

The  preparation  of  maps  for  digitizing,  and  digitizing  itself,  are  time  consuming 
procedures  that  require  careful  attention  to  detail.  Persons  selected  for  these  tasks 
should  have  training  in  cartography  and/or  drafting.  Otherwise,  inaccurate  maps  may 
be  generated,  which  have  no  real  usefulness.  The  persons  providing  these  skills  should 
also  have  extensive  hands-on  conputer  experience,  and  be  able  to  read  data  tapes, 
georeference  satellite  images,  and  exchar^e  data  between  ^sterns.  Contracts  can  often 
be  let  for  these  purposes.  Sinc-e  several  of  these  functions  involve  use  of  the  GIS 
software,  some  GIS  training,  at  least  on  the  job,  will  also  be  required. 
Cartograplty/Digitizing  tasks  include: 

•  Digitizing  new  or  updated  map  information 

•  Reading  updated  dala  fiurn  tapes  ie.g.,  new  sateUite  images) 

•  Drafting  nraps  for  digitizing  ;and/or  .semiring 

•  Moving  data  between  fonnats  (e.g.,  GIS  to  CiAD) 

•  Exchanging  data  with  other  agencies  andtor  installations 

•  Archiving  and  retrieving  data 

•  Documenting  the  procedures  used  to  create/revise  data  layers 

•  Maintaining  i^ecords  of  data  updates 

•  Maintaining  inventories  of  data  in  various  formats 

•  Monitoring  digitizing  by  outside  contractors 

•  Working  closely  with  potential  users  of  the  data  to  insure  that  dala  is 
developed  to  best  fit  the  intended  application 

7.2.5.  Systenos  Man^jemati 

Ncx;essary  Systems  Maiiagemeni  skills  include  nKuntenance  of  tiie  conputer,  tlie 
peripherals  (e.g.,  input  and  oupuL  devices),  iuxl  the  connections  between  GIS 
workstations  and  other  conputers.  Often,  tliese  tasks  will  be  done  by  either  a 
contractor  or  a  suppem  agency  on  tlic  inslallatioa  If  system  management  tasks  are 
perfomied  by  an  on-site  staff'  n-ientoer,  that  person  often  pcrfomxs  these  responsibilities 
in  an  "otiicr  duties  as  assigned"  mode.  That  is,  tiiey  are  formally  trained  and  hired  in 
some  other  capacity,  but  Iiave  acquired  system  management  skills  on  the  side. 
How'ever,  with  GRASS-GIS  \v(;rkstations,  significant  iysteni  management  effort  is 
required  -  much  more  extensive  than  with  ordinary  personal  conputers. 

d'here  are  several  reasons  why  s7/stetn  management  is  especially  demanding  with 
GliASS-GIS  workslations.  Erst,  GRASS  opc’rates  in  a  multi-user,  nuilti-taskirig 
environment,  so  sonxjone  mu'-t  liave  resixmsibility  for  creating  logins,  monitoring 
usage,  and  balancing  resources  between  users.  Second,  GIS  operation  involves  use  of 
numerous  periphf;ral  d(!\nccs  (th-  minimal  item'--  for  a  GRASS  workstation  iirlude 
digitizer,  graphic  printer,  line  piinler.  lenninal,  di.sk,  backp  device,  and  grphic 
dipky  monitor).  Maiiagin/t  tlie.se  items  and  insining  that  they  are  all  connected 
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properiy  requires  considerable  effort.  Third,  GRASS  is  based  on  the  UNIX  operating 
^stem,  which  is  both  powerful  and  complex;  it  takes  extensive  exposure  to  UNIX  to 
become  proficient  in  systems  management  on  UNIX  machines.  Finally,  GRASS  and 
other  GISs  involve  large  datasets,  which  require  large  storage  and  backup  devices.  A 
multiple-user  ^stem  needs  a  regular  and  frequent  schedule  for  baclo^)  and  disk 
maintenarre.  l^)ecific  tasks  under  the  l^stem  Management  skill  area  include: 

•  Creating  user  logins 

•  Performing  s>-stem  backups 

•  Maintaining  the  ^stem  network 

•  Testing  new  equipment 

•  Connecting  and  seppf'Rirg  peripirerals 

•  Maintaining  supplies  of  replaceable  items  (paper,  ribbons,  mylar) 

•  Matnlaining  f^quipmerl  support  contracts 

•  Writing  contracts  to  acquire  rtw  hatrtwarc 

•  Diagnosing  sy’stem  problems 

•  Maintaining  and  updttong  tiie  operating  system  las  per  vendor  updates) 

•  Balaix'ing  user  requiren£nt.s  witli  system  resources  (e.g.,  "policing"  the  diski 

•  Tracing  electronic  mail  and  network  communicalions  problems 

•  Infonning  useis  of  sc  heduled  doN^ntirrie,  upgrades,  system  changes,  etc. 

•  Creating  and  maintaining  elecPnnic  collections  to  the  outside  worid 

•  Providing  odier  user  si5)port 


7.2.6.  Software  IntcgratioBn 

The  Software  Integrator  role  is  not  esst'ntial  for  the  implementation  of  CIS  technology, 
but  a  person  witli  il'x;  skills  to  extend,  link  and  customize  softwan  to  nx^et  installation 
needs  will  prove  extremely  useful.  Tk;  Softw.irc  Lotegratnr  could  be  a  programnxDr,  a 
sy'stems  liiiiilysi,  or  soineoix'  Vviti'.  another  technical  background  who  lias  acquired 
skills  in  leamirig.  using,  and  exteiidirg  .soTtw^are  cajiabilities.  If  tliat  person  also  has 
some  trainiig  in  land/rcsoun.'e  inarKVtetnent.  the  link  between  software  objectives  and 
programming  may  be  made  much  tighter. 

Since  GRASS  nius  under  the-  U.NIX  opcniing  system  Software  Integrator  skills  must 
first  include  an  exleasive  understanding  of  UNTX.  Tliey  would  include  an 
underetanding  of  tne  crcaiion  of  GR.^\SS  nurws,  tlx*  functions  within  GRASS  that  join 
commands  into  air  iniegmted  applicatioa  The  application  generator  is  another  feature 
within  GRASS  thit  experieixed  users  to  create  user  interfaces  (customized 

nxnus)  tliat  not  only  fuivuon  as  GR.*\SS  mixros  but  also  can  link  GRASS  to  other 
softw'are  capabilities.  Macros  and  .s-pecializi'd  user  interfaces  can  greatly  extend  the 
usefulrx's.s  of  GIS  technology  to  installation  personnel  by  creating  simple, 
siroightfoiwairi  paths  to  acomplish  spixific  tasks,  such  as  updating  a  training  range 
condition  map  or  e\  aluating  tlx  rviise  etlects  of  a  ix'w  firing  range. 

While  .^(jllwan'  integrator  sxiiis  d(/  no  iii-co.s.saril,v  iixlude  programming  sldlls,  any 
programniitx  invoKing  ( iltASS  slxuiid  Ik  dorx  in  (,(.  However,  mixh  of  the  woriv  of 
sofiwaiv  miegnilion  l•;!n  Ite  doix  using  UNIX  fuixtiom  and  GRASS  utilities.  Links 
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can  also  be  created  to  send  or  retrieve  between  GRASS  and  relational  database 
management  packages,  statistical  packages,  spreadsheets,  word  processors,  and  other 
software  systems.  Many  of  these  links  will  be  available  from  other  installations  and 
GRASS  users,  but  an  on-site  software  integrator  can  test,  improve,  customize  and 
install  the  links  on  the  installation,  and  insure  that  they  meet  installation  user 
requirements. 

One  other  potential  function  of  Software  Integration  is  to  provide,  test,  improve  and 
manage  links  between  GRASS  and  other  installation-specific  systems,  such  as  IFS-M, 
Inteii^:;^h,  forest  inventory  systems,  building-wide  or  post- wide  LAN’s,  Novell’s 
UNISYS,  other  machines  for  UNIX-LAN  and  ethemet  connections,  etc. 

l%)ecific  tasks  under  the  Software  Integrator  skill  area  include: 

•  Creation  and  testing  of  user  interfaces  and  application  macros 

•  Investigating  new  cuid  existing  software  links  to  GRASS 

•  Creatmg  and  testing  links  of  GRASS  with  otiier  software  (includirg  RDBMS, 
statistical  packages,  spreadsheets,  word  processors,  etc.) 

•  Testing,  improving,  customizing,  installing,  and  managing  these  links  on  the 
installation 

•  Ensuring  that  links  meet  users’  requirements 

•  Providing  other  necessary  si^rport  for  users 
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Chapter  8 

GRASS  and  GIS  Siq^xst  Structures 


To  facilitate  the  development  and  use  of  GRASS,  several  siq)port  structures 
have  been  developed.  Iheae  include  distribution  and  support  centers,  policy¬ 
making  grotps,  user  group  meetings,  publications,  and  written  and  electronic 
communication  forums.  This  chapter  describes  the  GRASS  support 
mechanisms  currently  available. 


8.1.  Introduction 

Successfitl  GRASS  iirplementation  depends  upon  proper  planning  and  upon  the 
existence  of  sipport,  strictures,  policy  guidelines  and  documentatioa  User  sites 
require  different  types  of  support  as  sysiem  implementation  progresses.  Such  support 
includes: 

•  Points  of  contact  and  sources  for  information  during  planning  phases 

•  Guidance  whUe  establishing  hardware  configurations  and  networics 

•  Support  during  installation  of  software  and  hardware 

•  Training  services 

•  Communication  mechanisms  to  facilitate  discassions  with  other  users 

•  Data  and  applications  support 

•  Ongoing  support  during  ^stem  use 

This  chapter  examines  available  sipport  structures  and  mechanisms  for  GRASS. 


8.2.  Su[^Mrt  Structures,  Mechanisms,  and  DocumentatitHi 

Support  structures,  logistical  mechanisms,  and  documents  are  being  developed  and 
improved  to  support  GRASS  implementation 

Support  structures  and  communication  forums  ha\'e  been  developed  to  address  issues 
related  to  GRASS  development  policy,  to  promote  the  sharir^  of  resources  among 
agencies  using  GRASS,  and  to  facilitate  communication  between  users  and  other 
interested  sites.  The  GRASS  Inter  Agency  Steering  Committee  coordinates  GRASS 
activities  among  federal  org^anizations  using  the  system  fincludirg  the  military). 

The  GRASSNEJl''  and  GISTALK  electronic  networks  facilitate  communication  and 
development  between  user  sites.  Other  communication  forums  include  the  Annual 
GRAS&GIS  User  Group  Meeting,  and  the  quarterly  newsletter  GRASSClippings} 
These  support  structures  and  communication  forums  are  discussed  below,  in  §5.5 
GRASS  ConvTiunk'cition  Forums  Ip.  56). 

'  GRAS^ippinps.  ISSN  0899-7853,  published  quarterly  by  the  GRASS  Inter-Agency 
.Steering  CornmittEe. 
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The  amoimt  of  siqpport  given  to  iDoplementation  sites  can  be  minimal  or 
comprehenave.  Levels  and  types  of  support  available  are  described  in  §8.4  Support 
T^s  Available  \p.57]. 

Documents  specific  to  GRA.SS  implementation  are  also  being  developed,  in  addition  to 
others  which  describe  the  specific  use  of  GRASS  tools  and  other  issues.  TVpes  of 
available  documents  are  described  in  §8.5  GRASS  PubUcaiions  [p.58].  A  list  of  such 
documents  can  be  obtained  from  the  GRASS  Information  Center  at  the  address  shown 
in  §8.8  GRASS  Software  Distribution  and  Information  [p.  62]. 

GRASS  training  courses,  and  distribution  and  siq)port  centers  have  already  been 
established.  These  structures  are  being  reviewed  and  strengthened  to  ensure  adequate 
si^rport  for  installations  implementing  GRASS.  GRASS  and  GIS  Training  Courses 
and  Curricula  are  offered  through  a  number  of  institutions  across  the  country.  GRASS 
Distribution  and  Support  Center  functions  are  provided  by  LBACERL  and  private 
organizations  with  whom  memorandums  of  agreement  are  held.  Several  of  these 
support  mechanisms  are  discussed  below,  in  §8.8  Traimrg  \p.G0U  ^8.7  Points  of 
Contact  for  GRASS  Information  and  Sufyport  Lp.62|,  and  §8.8  GRASS  Software 
Distribution  and  Information  [p.  621. 


&3.  GRASS  Coninmirricati«ri  Forints 

Several  forums  have  been  establislied  to  facilitate  the  sharing  of  information  among 
GRASS  policy-makers,  developers,  users,  and  sipport  sites.  These  include: 

•  The  GRASS  Information  Center 

•  The  GRASS  Inter-Agency  Steerii^  Committee 

•  The  Army  Corps  GIS  Technical  Advisory  Committee 

•  An  annual  (IRASS^'GIS  User  Group  Meeting 

•  GRASSClippings,  a  quarterly  newsletter 

•  GRASSNET,  an  electronic  maul  and  software  retrieval  forum 

The  GRASS  IirfwTnaliiMi  Center  maintains:  (D  a  sei  of  publications  on  GRASS  and 
GRASS-relaieu  ueins,  (2)  updated  infomiation  on  locations  that  distribute  and  support 
GRASS  software  and  on  training  courses  for  GRASS,  (3)  the  mailing  list  for  the 
newsletter  GRASSi' Lippi  rigs,  aixl  :4)  vpdated  infonnation  on  the  status  of  GRASS  user 
groip  meetings  and  software  releases. 

The  GRASS  Intet^Agcncy  Stecrir^  Committee  is  an  informal  organization  \rith 
members  from  government  agerx:ies  and  other  organizations  that  use,  support,  and 
enhance  GRASS.  Ihis  organization  .sponsors  the  annual  User  Group  Meeting  and  the 
quarterly  newsletter.  It  holds  at  least  two  meetings  annually  to  sh^  and  coordinate 
GRASS  plans  among  the  participating  ugencies. 

The  annual  GRASS^GIS  User  Group  Meeting  is  hosted  each  year  by  one  of  tire 
member  agencies  of  the  Steering  Committee.  Ptipers,  demonstrations,  and  discussion 
panels  present  GRASS  applicatioius  and  arftware  development  issues.  The  meeting 
provides  opportunities  for  current  and  potential  users  to  share  and  demonstrate  new 
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GRASS  software. 

The  GRASSClippmgs  newsletter  is  published,  ^proximabely  four  times/year,  to 
provide  information  to  those  interested  in  GRASS  software.  The  newsletter  includes 
articles  on  software  development,  hardware  options  and  applications  of  GRASS. 

GBASSNEir  is  an  electronic  mail  forum  tioat  provides  a  mechanism  through  which 
GRASS  user  and  development  sites  can  exchange  messages.  It  can  be  reached  via 
Arpanet,  Internet,  and  other  networks.  GRASSNET  also  includes  a  library  of 
contributed  software  availdDle  for  users  to  retrieve  and  review.  Thus,  new  software  is 
available  before  it  is  integrated  into  a  formal  release  of  GRASS  code. 


8.4.  Smwrt  Types  Available 

In  addition  to  the  communication  forums  noted  above,  GRASS  distribution  and  support 
services  are  available  from  the  organizations  listed  in  §8.8  GRASS  Software 
Distribution  anci  Infoimation  \p.6?.\.  However,  USACERL  staff  continue  to  provide 
distribution,  software  sipport,  and  data  asascance  services  to  IJ.S.  Amry  installations. 
Corps  of  Engineers  Districts  and  Divisions,  and  other  U.S.  Department  of  Defense 
organizations.  These  services  include: 

•  Introductory  information  on  GRASS  and  GRASS  applications 

•  Distribution  of  softNV'are  and  documentation 

•  Hardware  configuration  and/or  acquisition  information 

•  (3n-site  installation  of  software  and  hardware 

•  On-site  softvvare  training 

•  Telephone  support  for  software 

•  Infomiation  on  GIS^CADD  interface  issxies 

•  Data  scoping  and  acquisition  assistarrce 

•  Data  conversioas  between  various  formats  and  media 

•  Data  digitizing,  scanning,  and  interpretation 

•  Applications  and  data  analysis  assistance  and  services 

•  New  drivers  for  liardcopy  devices,  digitizers,  and  display  devices 

•  Hardware  system  management,  support,  and  assistance 

•  Networidng  consultation  and  guidance 

A  list  of  .specific  USACERJ^  points  of  conUrct  for  these  services  is  given  in  §8.7  Points 
of  Contact  for  GRASS  Infomritinn  and  Supjxnt  Ip.Wl. 

There  are  numerous  possible  scenarios  for  GRASS  hnplementation.  One  possible 
scenario,  in  which  implementation  responsibLlities  are  divided  between  the  project 
.sponsor  (e.g.,  a  MACOM),  the  implemtmtation  site  (e.g.,  an  installation  or  District), 
and  a  contractor  (e.g.,  USACERL,  or  a  Corps  District),  is  illustrated  in  Figure  2.1  (p 
4). 

Any  or  all  of  GRASS  support  services  from  USACERI.,  cire  available  to  any  DOD 
oiganizatioa  There  is  no  minimum  support  package  tliat  an  organization  is  required  to 
maintaia  and  DOD  organizatioas  are  ix)t  required  to  obtain  these  services  through 
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USACERL.  Several  other  GRASS  siqjport  centers  provide  similar  si?)port  services. 
Also,  services  provided  through  l,BACERL  may  involve  die  stafT  and  facilities  of 
other  GRASS  si?)port  centers. 

Support  can  be  minimal  or  comprehensive.  Minimally,  DOD  organizations  can  elect 
to  request  only  the  GRASS  User’s  Reference  Manual^  and  a  magnetic  containiig 
GRA^  software.  These  sites  would  install  GRASS  on  their  own  systems.  At  die 
other  end  of  the  siqiport  spectrum,  sites  may  elect  to  have  USACERL  (and/or 
contractors  or  other  support  organizations)  provide  everything  from  software  and 
hardware  installation  and  acquisition,  to  data  development  and  analysis. 

For  most  Army  installations,  USACEEIL  has  provided  corrqilete  GRASS  turnkey 
services.  These  services  have  included  hardware  configuration  and  acquiation, 
installation  of  software  and  hardware,  and  data  development  and  analysis  for 
installations,  districts,  etc.  However,  it  is  anticipated  that  Corps  Districts  and 
Divisions,  and  others,  will  provide  more  of  these  services  to  new  GRASS 
implementation  sites  in  the  future. 


8.5.  GRASS  Publications 

Several  publications  exist  or  are  under  development  to  support  GRASS 
Implementatiori  Documents  being  developed  specific  to  GRASS  implementation 
include  the; 

•  GRASS  Inplenienkition  Guide, 

•  GRASS  Problem- Soiling  ManM,  (John  Q.  Ressler,  William  Swain, 

Sandra  Anderson,  and  Jenv  Thompson,  ADP  Report  N-89/15 
[USACERL,  ,My  1989 j),  ' 

•  rmSS  Users  Guide, 

•  Methodology  for  Perfornirg  Return-On-lrwestmeni  Studies  for 
Inyjlernentation  of  GRASS  on  Mdltaiy  lustcdlations, 

(Ben  Sliwinski,  J’echnical  Manuscript  N-89/25  [USACERL,  May  1989]),  and 

•  Proceedings  of  the  1988  Geographical  Resources  Analysis 
SupjX)ri  k%/steni  (GR/SSj  User  Group  Meetiig 

( Robert  Ix)zar,  Editor,  Technical  Manuscript  N-89/18  [USACERL, 

September  1989]). 


The  DKH  Automated  Grriptucs  (juiae.  xuednjiu  /-asquisitioru  Inpiemeniation,  and 
Management  (Gene  McDem\)tt,  Micliael  McOilIey,  Mary  Czyszczewski,  et  al., 
i’echrtical  Report  P-88/19  [USACklRL,  June  1988])  also  examines  GIS  inplementation 
issues,  but  is  not  specific  to  GRASS.  The  following  documents  describe  the  specific 
use  of  GRASS  tools,  and  other  issues. 

An  Introduction  to  GRASS  (Janies  Westcrvelt,  in  the  GRASS  User's  Reference  Manual, 
by  -hmes  Westervelt,  Michael  Shapiro.  William  D.  Goran,  et  al.,  ADP  Report  N-87/22 

-iirnes  ’.Vestprvelt,  Michael  Shapiro,  William  D.  Gotan.  et  al.,  GRASS  User’s  Refeience 
Marvjal,  ADP  Iteport  N-87/22  (USACERL,  Septerriber  1988). 


§8  tlRASS  and  GIS  Support  Structures 


59- 


-69- 


[USACERL,  September  1988])  and  the  GRASS  Fact  Sieet  (William  D.  Goran,  Fact 
EIN-48  [USA.CERL,  January  1989])  provide  readers  with  an  Overview^  of 
GRASS  c^)abilities. 

Hardware  Configurations  and  ^)ecifications  are  included  in  the  frequently  updated 
GRASS  Hardware  Configurations  Guide,  (Douglas  A.  Brooks,  Michael  K  Higgins,  and 
Mark  O.  Johnson,  ADP  Report  N-89/21  [USACERL,  March  1989]),  arxi  Testing 
Guidelines  for  GRASS  Ports  and  Drivers  (William  D.  Goran,  ADP  Report  N-89y22 
(USACERL,  tfanuaty  1989]).  The  first  of  these  describes  computers  ard  peripherals 
which  are  undergoing,  or  have  conpleted,  beta  testing,  while  the  latter  p^r  describes 
how  these  beta  tests  should  be  conducted. 

GRASS  Design  atxl  Software  Cap^ilities  are  described  in  such  documents  as 
Differences  between  GR\SS  2.0  arul  GR/^^  3.0  (Michael  Soapiro,  in  GRASS  User's 
Reference  Manual,  by  tfemes  Westervelt,  Michael  Shapinr,  William  D.  (Soran,  et  al., 
ADP  Report  N-87/22  [LSACERLSeptenher  1988]')  (which  exainines  recent,  changes 
to  the  software),  and  GRASS  3.0  Prograns  (which  describes  all  programs  released 
(tfemes  Westervelt,  in  GRASS  User's  Refereiwe  Manned,  by  -ibmes  Westervelt,  Mchael 
Shapiro,  William  D.  (Joran,  et  al.,  ADP  Repori  N'87/22  [USACERL,  SeptenJoer 
1988])  with  GRASS  version  3.0). 

Data  Development  issues  are  treated  in  Cartographic  Issues  in  Database  Development 
(Marilyn  Ruiz,  Technical  Manuscript  N-89.A14  [USACERL,  September  1988]),  Map 
Prejxuxition  Guide  (tkan  Messersmith,  in  GRASS  User’s  Reference  Manual,  by  Jhmes 
Westen'elt,  Michael  Shapiro,  William  D.  Goran,  et  al.,  ADP  Report  N-S7/22 
[USACERL,  September  1988]),  and  Sources  of  Digital  I^xitial  Data  (Marie  0.  Johnson 
and  William  D.  Goran,  Technical  Report  N-88/01/ADA189788  (USACERL,  December 
1987]),  and  other  documents. 

GRASS  Applications  ae  examined  in  such  paper's  as  An  Eyosion-Based  Dmd 
ClassificalLon  ^stem  for  Military  Installations,  (S.  D.  Warren,  V.  E.  Diersing,  and  P. 
J.  Thompson,  [paper  presented  ai  lire  41st  Annual  Meeting  of  tire  Society  for  Range 
Manrrgement  21-26  Febniary  1988,  Corp'us  Christi,  TX]),  and  DnMng  the  ARMSED 
Watershed  Process  Mode!  uith  the  GRASS  GIS  (Winifred  Hodge,  Marjorie  Larson,  and 
William  D,  (Toraa  [paper  presented  at  die  1988  International  Symposium  "Modeling 
Agricultural,  Forest  and  Rangeland  H\drology,"  12-13  December  1988,  Chicago,  IL]). 

Netwoiidng  is  discus.sed  in  GRASSRHl':  ,  \n  Inplementation  of  I’NIX  Conmunicalion 
IJuIrties  (Kadrryn  (Pecknold)  Nomian,  in  GRASS  User's  Reference  Manned,  by  <Limes 
Westcrerelt,  Micliael  Slrapiro,  William  1).  Goran,  et  al.,  ADP  Report  N-87/22 
I  USACERL,  September  1988]). 

A  variety  of  Reference  Manuals  (including  the  GRASS  User's  Reference  Manual 
[-lames  Westervull,  Michtel  Sliapiro,  William  D.  Goran,  et  al.,  ADP  Report  N-87/22 
(USACERI.;,  Septenrber  1988)],  and  the  GRASS  3.0  Progranwer’s  Manual  [Michael 
Shapiro,  -inix^s  Wcsslervelt,  Dave  Grrel'-.s,  Michael  Higgins,  and  -Marjorie  Larson,  ADP 
Report.  N-89/14  (USAt'KRL.  Septemiicr  1989)]),  Audio-\hsual  Materials  (such  as  the 
GRASS  Video,  and  .several  slide  sets),  and  infonnation  on  Support,  lYaining,  and 
Vendors  an*  also  available  for  distribution  or  loan 
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A  list  of  these  and  related  documents  can  be  obtained  fiom  the  GRASS  Infonnadon 
Center  at  the  address  shown  in  §8.8  GRASS  Software  Distribution  and  Information 
\p.m. 

8.6.  Trainiiig 

USACERL  offers  special  courses  and  sessions  for  Amiy  and  Corps  District  and 
Division  personnel  i?)on  request  Odier  GRASS  siqjport  organizations  offer  courses 
that  are  open  to  DOD  participants  and  the  general  public  (Table  8.1).  The  GRASS 
Infonnadon  Center  and  the  newsletter  GRASSClippings  provide  specific  infonnadon  on 
vqxjomii^  courses. 


1  FIT)  Space  Remote  Seining  Ci^nter 

Soil  ConBervadon  Seivice 

Central  Washington  Univeisity 

1  Building  1103,  Suite  118 

National  Cartographic  Center 

Coilinuing  Education/GlS 

I  Stennis  Space  Center,  MS  39629 

501  Felix  Street 

Hlenabing,  WA  98926 

1  POC:  Melissa  Ekiher 

P.O.  Box  61567 

POC ;  Martha  DiBkin-Snith 

j  601/688-2509 

( 

1 

1 

Fort  Worth,  TX  76115 
817/3.34-5212,  -5.559 
(Woikshops  for  SCS  Staff) 

Cook  College  Remote  Seneii^  Certer 
Deportment  of  ftivironmentai  Resources 
College  Farm  Road.  F.O.  Box  231 

New  Brunswick,  H)  08903 
inC;  Brie  Bill 

201.S.32-9631 

509/96.3-1504 

i 

1 

Table  8.1.  GRASS  TrEdinng  Periodic  IVaining  for  General  FVijlic 
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8.7.  Points  of  C<iitart  f<r  GRASS  litfornsdKHi  and  Siqiport 

General  points  of  contact  at  USACEIIL  (Table  8.2)  will  respond  to  questions, 
comments,  and  odier  input  related  to  GRASS  distribution,  Inter-Agency  issues,  data 
development,  hardware  configurations  and  benchmaridng  procedures,  submission  of 
contributed  software,  data  Explications  work,  GRASS  newsletter  distribution,  and 
GRASS  documentation  and  training.  Table  8.1  (p  60)  and  Table  8.3  (p  62)  list  groups 
outside  USACERL  which  also  provide  GRASS  distribution,  training,  and  support 
services. 


GRASS 

Nel:  pruss<aicerl  cecerarray .  rtil 
GRASSNFT;  ceHVgrass 


GRASS  Infbrmadan  Center 

Kathy  I.  Norman 
800/USA-CE3U.  ext  221) 

Net  kathy@eeri.cecer.army.r.il 
(jR^SSNETT:  ceHMkathy 

GRASSClqilxn^ 

Mary  Martin 
«(K)/USA-CEm  ext  4t2 
217/352-6511  ext  462 
Net  martintglceri.cecer.amy'.mil 
GRASSNSr:  cerl\!  martin 

GRASS  HajtxKvaiv  IVIanaga- 

Ilmoks 

8(X)/USA-CraiI,ext.  752 
217/373-6752 

Net  bmok-stfOcerlcecerarmy.inil 
GRASSNKP:  ccri\.'bn>ote 

GRASS  Software  DistrilHition 

I  Marti  A>hrt«n 

I  8(K)/USA-('K[ll,oxl.  4H 
i  217/:)52  (i51 1  ext  414 
i  Net  ji)hiiion(«V,eri-cecer.arnTy-mil 
I  GR/XSSNKr;  eeri\Ijolinw)n 


Inlen  Agency  Steering  Comniittee 

Facilitator  William  Goran 
80()/lJSA-CE3lI.  ext  735 
217/3736735 

Net  goran@cerl.cecer.anTiy.mil 
GRASSNET;  cerlMgoran 

GRASS  Software  ConIributiaK 

.Jim  Westcrxelt 
SOO/LKA-GFJU,  ext  449 
217/352-6511  ext  449 
Net  wester\'e@ceri.cecer.army.mil 
GRASSNEr:  cerlMwestorve 

Data  Rerpiiranents  and  Info 
A-an  Messt-rsnith 
6(K)/ISA-('EIU.  ext  474 
217/3.52-6511  ext  474 
Not  obrien@cerl.ccx:er.arrriy.mil 
GRASSNEH':  ceriVobriJn 

GRASS  Applicalicns 

llobcrt  1  lY/ax 
WKl/(AS.A-('rail, ext  739 
217/1(73-6739 

Net  lo/ar@ee  rl  cocer.annv .  ni  1 
GRASSNEl'.  ceriVlozar 


Tableau  GRAJSSNl-H’ &  Electr«iic  Mail 
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8.8.  GR4SS  Softwai^  Distributim  and 

Sites  offerii^  GRASS  software  distribution  services  and  information  are  listed  below: 


GRASS  INTORMAnON  CHVTER 

US.  Army  Conetruction  Engineering  Research  Laboratory 
P.O.  Box  4006,  2902  Newmaik  Drive 
Champaign,  0,  61824-4005 
POC:  Kathy  Norman 
800/USA-C.ERI.  ext  220  or  217y3Tl-7220 


GRASS  SOFTWARE  MSnUBLTK^I 

coMMERcw.  DffrnmmoiV  STTFS 


MASSCOMP,  MACINTOSH,  &  AT&T 

rro  Space  Remote  Sensing  Center 
Building  1 10.3,  Suite  118 
Stonnis  Space  C enter,  MS  ,39529 
IOC:  Melifsa  Kscher 
601/688-2,509 


SUN,  TEKTRCKSTX  &  PC  386 

l)B,A  Svsterrs 
Redwood  One  Bu’idirrg 
10560  Amiw  head  Drive 
Fairfax,  VA  22a'j.3 
KX?:  Dave  Johnson 
703/591-0800 


SDJCON  GRAPHICS 

<1  \V.  Hannaway  &  .Associates 
8.39  Lfearl  Street 
Boulder,  CO  80.'t02 
IOC:  Wyndham  Hanmway 
.3(XV440-9631 


Soil  Conservation  Service 
Nahonai  Cartographic  (.'enter 
.501  Felix  Street 
P.O.  Box  6567 
Fort  Worth,  TX  761 15 
817/3, '(4-5212 


AOi-My  Di.^mumoN  stt-n 

National  Ihrk  Serxice 
OISlLi-W.ASO 
P.O.  Box  2.5287 
IX  m  er,  CO  80225 
n  X':  Harvey  Heel 
30,3/969-2,590 

US.  O-ologic.-i)  SuA'ev 
Mail  Stop  915 
National  Center 
12201  Sunrise  Valley  ITn-.x 
Restnn.  V.A  22092 
!tX':  FJw/ird  Fskouity 
7(V>.'64,S-650.5 


U.S.  .Army  CKRL  | 

P.O,  IXx  4(X)5  i 

2902  New  TTBik  Drive  1 

Champaigrt  IL  61824-4005  I 
R)C:  Mark  Johnson  ; 

800/USA-CI311.  i 


Table  8.3;  GRAJi?  Software  and  Information  Centers 


8.9.  GIS  in  the  Am^  and  the  Corps 

While  the  first  Army  installations  and  Corps  Districts  were  implementing  GISs,  botli 
the  Army  Engineers  and  the  Corps  Districts  developed  temporaiy  stnictures  to  oversee 
or  recommend  procedures  for  GIS  implementation  The  T^miy  established  the  "Arrny 
GIS  Steering  Committee"  with  the  Chief  of  the  r^mw  Environmental  Office  (ABO)  as 
Chair.  This  committee  functioned  intenniUently  from  1986-89,  and  has  become  a 
"proponent"  oi'ganization  for  this  document.  Other  member  elements  of  the  committee 
have  included  the: 

•  U.S.  Army  Engineering  &  Housing  Support  Center  ( EHSC),  Natural  & 
Cultural  Resources  Division 
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•  EBSC,  Hanning  Division 

•  Office  of  the  Assistant  Secretary  of  the  Army  (INL) 

•  Directorate  of  Eesearch  and  Development,  HQ  USaCE 

•  Directorate  of  Civil  Works,  Office  of  Errvirorirnerital  Overview, 

HQ  USACE 

•  Office  of  the  Chief  of  Engineers,  Installation  Harming  Division  (ZCI) 

•  U.S.  Artriy  Construction  Ergineeritig  Research  I  laboratory 

This  committee  has  considered  such  issues  as  hardware  ard  software  standards,  data 
sharing  between  Computer-Aided  SofUvare  Design  and  Developrrkent  (CADD)  and  CIS 
users,  and  specific  applications  that  require  or  could  benefit  from  CIS. 

In  1987,  the  Corps  of  Engineers  established  an  Ad  Hoc  Committee  on  CIS,  as  a  result 
of  a  recommendation  of  the  Environmental  Advisory  Board  after  their  noting  in  New 
Orleans  in  March/1987.  This  committee,  wliich  was  headed  by  Dr.  William  Klesch, 
met  several  times  during  1987  and  1988  and  presented  final  recommendations  to  the 
Environmental  Advisory  Board  in  October/198S  and  shortly  after  to  the  Chief  of 
Engineers. 

The  Ad  Hoc  Committee  included  32  members,  representing  various  Districts, 
Divisions,  liUboratories,  and  headquaners.  Members  were  divided  into  eight 
"subcommittees"  to  address  the  foUowir^  eight  technical  areas: 


•  Sensitivaty  to  user  needs 

•  Scoping  data  requirements  and  ^plications 

•  Intermodal  hardware  consistency 

•  Software  compatibility 

•  Quality  control 

•  Technology  transfer 

•  Cost  considerdUon^ 

•  Inter-  and  intragency  coordination 

Idinitod  numbers  of  copies  of  tlie  committee’s  final  n-fiort  aie  available  thmugh  tlx' 
ClfASS  Infonnation  Center  (see  §8.8  GFi^XSS  Sofhatfv  DGtnbidion  and  InfonnKiiion 

:p.G2'0. 


8.10.  Coixiusion 

flood  dociinx'ntalion  aixl  logisficitl  support  will  lx?lp  tliosi'  considering  acqirisition  U) 
estimite  costs  arxl  benc'fits  associated  with  sv'stem  implenx;niation  Support  sdnctures 
w  ill  pmvidc  an  ongcring  nx;chinism  to  address  nsers’  qu('s1ions  before  atxl  tifter  system 
acqui.sition  Such  nxx:hinisins  will  allow'  sites  to  prepare  ttonsehcs- before  the 
system  anives-for  tiie  implementation  of  CRASS. 
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Definition  of  Terms: 

Glossary  of  GIS  Terms  Commonly  Used  in  Relation  to  EHgitizing^ 


Arc  A.  line  connecting  a  set  of  point=  that  form  one  side  of  a  polygon. 

Area:  A  fundamental  unit  of  geographic  information.  Portions  of  the  map  bounded  by  lines. 
See  Polygon. 

Attribute  Nongraphic  information  associated  with  a  jxiint.  line,  or  area  element  in  a  GIS. 

Cathode  Ray  Tube  (CRT):  An  electronic  screen  for  displaying  information  or  graphics.  Also 
called  a  visual  di.splay  device. 

Ceil:  The  basic  element  of  spatial  information  in  the  raster  «'  grid)  description  of  spatial  entities. 

Cursor:  A  \asible  symbol  guided  by  the  mouse  or  digitizer,  u.sually  in  the  form  of  a  cross  or  a 
blinking  symbol,  that  indicates  a  position  on  a  CRT. 

Data  Base  A  collection  of  interrelated  im'oimation,  usually  stored  on  some  form  of  mass- 
storage  sj’stem  such  as  magnetic  tape  or  disk.  A  GIS  data  base  includes  data  about  the  position 
and  the  attributes  of  geographic  features  that  have  been  coded  as  points,  lines,  areas,  or  grid 
cells. 

Digital:  The  ability  to  represent  data  in  discrete,  quantified  units  or  digits. 

EMgitize:  To  encode  map  coordinates  in  digital  form. 

Digitizer:  A  device  for  entering  the  spatial  coordinates  of  mapped  features  from  a  map  or  docu¬ 
ment  to  the  computer. 

Kcfit  To  remove  erron-'  from,  or  to  modify,  a  digitized  map  or  a  file  containing  attribute  data. 

Element  A  fundamento'  geographic  unit  of  information,  such  as  a  point,  line,  area,  or  pixel. 
May  ;iiso  be  knowT.  as  an  entity. 

ITle:  A  collection  nf  rel.ated  information  in  a  computer  that  can  be  accessed  by  n  unique  name. 
Files  may  be  stored  on  tapes  or  disks. 

Graf^cs  Monitor  A  CRT  capable  of  displacing  maps  and  results  in  color. 

(Jrid  Map:  .A  map  in  which  the  information  is  carried  in  tiie  form  of  grid  cells. 

Hardcopy:  A  copy  on  paixu  of  maji  infoimation  or  a  graphics  image  onginally  displayed  on  a 
CPT. 

Intenxtive:  .A  CIS  system  in  which  tlie  ojxmator  ceui  initiate  or  modify  program  execution  via 
an  input  device  ;uid  can  receive  infonaation  from  the  computer  about  the  progress  of  tlie  job. 


AdapU'd  by  Stuart  Braiishaw  ( U.S.  Anny  Consti-uction  Engineering  Research  La¬ 
boratory  llASACERLIi  based  on  definitions  by  P.  A.  Burrough,  l^nciples  of  Geographi¬ 
cal  [rifonriation  Svsteni^  for  Land  Resowres  Asscssnicnt  (Oxfoiti  University  Press,  Oxford, 
19871. 


Island:  A  polygon  lying  within  a  parent  polygon  that  contains  no  connections  to  tlie  parent 
polygon.  It  msy  consist  of  one  or  more  arcs. 

Join:  To  connect  two  or  more  separately  digitized  lines  or  maps. 

Keyboard:  A  device  for  typing  alphanumeric  characters  into  the  computer.  The  arrangement  of 
the  keys  resembles  that  of  a  typewriter,  but  often  has  luore  capabilities. 

L^yer:  A  logical  separation  of  mapped  information  according  to  theme.  Many  geographic  infor¬ 
mation  systems  allow  the  user  to  choose  and  work  on  a  single  layer  or  any  combination  of 
layers  at  the  same  time. 

LcfienCfc  The  part  of  the  drav/n  map  explaining  tlie  meaning  of  the  symbols  used  to  code  the 
depicted  geograpliic  elements. 

Line  One  of  the  basic  geographic  elements,  deluied  by  an  ordered  s't  of  poinL  that  describes 
the  position  and  shape  of  a  linear  featum  on  the  map.  Kach  line  starts  at  a  node  and  ends  at  a 
node.  Lines  connect  at  nodes,  and  no  line  crosses  itself  or  any  other  lines. 

Map:  Cartography:  a  hand  drav'.'n  or  printed  document  describing  the  spatial  distribution  of  geo¬ 
graphic  features  in  terms  of  n  n?cogni7.able  and  aftreed  symbolism.  Digital;  the  collection  of 
digital  infomiation  about  a  part  of  the  cartli’s  surface. 

Map  Generalization:  Hie  process  of  reducing  detail  on  a  map  as  a  consequence  of  reducing  the 
map  scale.  The  process  can  be  semiautomated  for  certain  kinds  of  data,  such  as  topographic 
features,  but  requires  more  insiglit  for  thematic  maps. 

Map  Pn^ection:  'Die  basic  svr.tem  of  coordinates  used  to  describe  the  spatial  distribution  of 
elements  in  a  GIS.  The  Universal  Transverse  Mercator  (UTM)  is  generally  used  in  GRASS. 

Menu:  A  list  of  available  options  displayed  on  the  screen  tliat  the  user  can  choose  from  by 
uang  the  keyboard  or  a  device  such  as  a  mouse. 

Mouse  A  hnnd-steered  device  for  entering  data  from  a  digitizing  tablet.  See  Puck,  Cursor. 

Nocle  The  point  at  which  any  lines  in  a  polygon  or  linear  network  are  joined.  Nodes  define  the 
location  of  tlie  endpoints  of  every  line,  and  a  single  node  may  mark  tlie  start  and/or  end  of  one 
or  more  lines.  Nodes  carry  information  about  the  topology  of  map  features. 

Overlay:  Mapping;  tire  process  of  sticking  digital  representations  of  various  spatial  data  on  top 
of  each  otlier  so  Lliat  each  position  in  the  area  covered  can  be  analyzed  in  terms  of  these  data. 
Map  prepaj-Ruon.  refers  to  a  .sciparate  layer  of  map  information  which  contains  information  on 
tibe  aUribute  coding  for  the  prepared  map. 

Point:  One  of  the  basic  gr'ogi-aphic  elements.  Points  are  referred  to  as  degenerate  lines.  A 
degenerate  line  starts  and  ends  at  tlie  aame  node  and  has  zero  length. 

Polygon:  A  multisidcd  figure  roprosenting  an  area  on  a  map. 

Ih.idt;  A  hand-held  device  for  entering  data  from  a  digitizer  (see  Mouse,  Cursor).  U.sually  has 
a  window  with  accurately  engraved  crosshairs,  and  several  buttons  for  entering  associnti'd  data. 

Ilcsitlual;  In  map  rotpstrotion,  the  amount  of  error  a  registered  point  contributes  to  tlie  overall 
map  registration  error. 


-  (S)  -  (j9  - 

Resolutian:  The  smallest  spacing  between  two  display  elements;  the  smallest  size  of  feature 
that  can  be  mapped  or  sampled. 

Scale  The  relation  between  the  size  of  an  object  on  a  map  and  its  size  in  the  real  world. 

Snap  To  connect  two  or  more  separately  digitized  lines. 

Tablet;  A  small  digitizer  used  for  interactive  work  on  a  gr^hics  workstation.  See  Mouse. 

Threshold  Tlie  level,  point,  or  value  above  which  something  will  take  place  and  below  which 
something  will  not. 

Topographic  Map  A  map  showing  the  topography  (contours,  roads,  rivers,  houses,  etc.)  in 
great  accuracy  and  detail  relative  to  the  map  scale  used. 

Topologically  Structured  Refers  to  a  digital  file  of  geographic  data  that  maintains  the  spatial 
relationships  between  features  inherent  in  the  map. 

Topdogy.  The  way  in  which  geographic  elements  are  linked  together. 

Transform;  The  process  of  changing  the  scale,  projection,  or  orientation  of  a  mapped  image. 

UNIX:  A  modem,  general  purpose  operating  system. 

UTM:  The  Universal  Transverse  Mercator  coordinate  ff^^m  of  Elastings  and  Northings. 

Vectw;  A  quantity  having  both  magnitude  and  dire^  ion.  Refers  to  any  digitized  lines. 

Window  A  usually  rectangular  area  that  is  used  to  view  or  to  transform  the  original  map. 

Workstation;  The  desk,  keyboard,  digitizing  tablet,  and  CRTs  connected  together  as  a  unit  for 
working  with  maps  or  graphics  in  interactive  GIS. 

Zoom;  A  cajiability  for  proportionately  enlarging  or  reducing  the  scale  of  a  figure  or  maps 
displayed  on  a  CRT. 
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